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THE IMMEDIATE EFFECT OF SECTIONING HOMOLATERAL 
AUDITORY CENTRIFUGAL FIBERS ON THE COCHLEAR 
MICROPHONIC AND ACTION POTENTIAL 
IN GUINEA PIG
CHAPTER I  
INTRODUCTION
Since th e  e a r ly  a ttem pts o f Cramer and B o u rn ill i  to  d e fin e  th e  
r e la t io n s h ip  Between th e  m agnitude o f  a  p h y s ica l s tim u lu s  and th e  magni­
tu d e  o f  th e  p sy ch o lo g ica l re sp o n se , in v e s t ig a to r s  have t r i e d  to  understand  
th e  coding o f sensory  system s. P rog ress  tow ard t h i s  go a l has been l im ite d  
by th e  la ck  o f s u f f ic ie n t  in fo rm atio n  concerning th e  anatomy and physiology 
o f  th e  system s under stu(ty . This i s  e sp e c ia lly  t ru e  in  th e  case o f  aud i­
t i o n .  For many y ears  th e  a u d ito ry  system  was co n sid ered  to  fu n c tio n  
s o le ly  through in n e rv a tio n  o f  s p e c ia l  som atic a f f e re n t  f ib e r s  c a rry in g  
in d u ise s  tow ard th e  c e n tr a l  nervous system . In  19U2, however, Rasmussen 
d isco v ered  th e  e x is ten c e  o f  a  system  o f s p e c ia l  v is c e r a l  e f f e r e n t  f ib e r s  
which in n e rv a ted  th e  end organ o f th e  au d ito ry  mechanism. He designa ted  
t h i s  system  th e  o liv o -c o c h le a r  bundle (OCB). Rasmussen’s d iscovery  stim u­
l a te d  a  f lu r r y  o f  neuroanatom ic and neurophysio log ic  in v e s t ig a t io n s  and
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copious s p e c u la tio n  as to  th e  ro le  o f th e  e f fe re n t  f ib e rs  d u rin g  au d ito ry  
s tim u la tio n .
O r ig in a l ly ,  Pasmussen (99) lo c a te d  on ly  th e  g e n e ra l course o f  th e  
au d ito ry  e f f e r e n t  f i b e r s .  His o b servations re v e a le d  a complex bundle o f  
500 s p e c ia l  v is c e r a l  e f fe re n t  f ib e rs  o f th re e  to  f iv e  m icrons in  d iam eter 
cou rsing  from a  p o in t  m edial to  th e  accesso ry  nucleus o f th e  su p e r io r  o liv e  
through th e  b ra in  stem , beneath  th e  f a c i a l  genu, and acro ss  th e  f lo o r  o f 
th e  fo u r th  v e n t r i c l e .  Some o f  th e  f ib e r s  te rm in a ted  in  th e  m edial angle 
o f  th e  m edial v e s t ib u la r  n u c leu s , bu t th e  m a jo rity  proceeded l a t e r a l l y  to  
th e  d o rs a l  b o rd e r o f  th e  descending ro u te  of th e  tr ig e m in a l nerve vhere 
th ey  jo in e d  th e  a f f e r e n t  b rances o f  th e  V III c r a n ia l  nerve and from th e re  
were d is t r ib u te d  to  th e  s e v e ra l tu rn s  o f  the  coch lea . Pasmussen designa ted  
th e se  e f f e r e n t  f ib e r s  th e  c rossed  o liv o -c o c h le a r  bundle (COCB). At th a t  
t im e , he f a i l e d  to  observe th e  f i n a l  te rm in a tio n  o f  th e  f ib e r s .
In  th e  same s tu d y , Pasmussen a lso  observed h o m o la te ra l e f fe re n t  
f ib e r s  a r i s in g  from th e  accessory  n u c leu s . These f ib e r s  coursed  w ith  th e  
co ch lea r and v e s t ib u la r  a f fe re n t  f ib e r s  in to  th e  coch lea . Galambos (59) 
and o th e rs  have a ls o  observed c e n tr ifu g a l fibers coursing  from  th e  in f e r io r  
c o ll ic u iu s  to  th e  co ch lea r n u c le i .  The f i n a l  te rm in a tio n  o f  th e se  e f f e r ­
e n t f ib e r s  rem ained obscure fo r  many y ea rs  fo llow ing  t h e i r  i n i t i a l  d iscov­
e ry .
Fernandez (Up) was th e  f i r s t  to  suggest th a t  c o l l a t e r a l  f ib e rs  o f 
th e  e f f e r e n t  system  were d ire c te d  to  th e  in n e r h a i r  c e l l s  o f  th e  coch lea . 
C h u rch ill and h is  co-w orkers ( 18 ) used a h is to ch em ica l approach in  an 
attem pt to  sp e c ify  th e  lo c a tio n  o f  th e  d i s t a l  endings o f  th e  e f f e re n t  
f ib e r s .  A ce ty locho line  had long been accepted  by p h y s io lo g is ts  as one o f
3
th e  prim ary  e f f e r e n t  sy n a p tic  tra n s m itte r s  in  o th e r  e f fe re n t  systems of 
th e  to d y  (1 9 ) . R ely ing  on th e  assunqption th a t  th e  p resence o f  ace ty lch o - 
l in e s te r a c e  (AcHE), an enzyme a sso c ia te d  w ith  acetylcholine a c t i v i t y ,  was 
an in d ic a to r  o f  a c e ty lo c h o lin e  co n ce n tra tio n , C h u rc h ill and h is  co lleagues 
i s o la te d  AcHE in  th e  reg io n s  o f  to th  th e  in n e r and o u te r  h a i r  c e l l s  o f  
c a ts  and g u inea  p ig s .  They concluded th a t  e f fe re n t  innem ration  e x is te d  
in  t h i s  a re a . Rossi (112) observed th e  presence o f AcHE in  th e  e f fe re n t  
f ib e r s  form ing the  in tra g a n g lio n ic  s p i r a l  bundle . V isual o b servation  o f 
h a i r  c e l l  in n e rv a tio n  by e f f e r e n t  f ib e r s ,  however, had no t as y e t been 
accom plished.
Smith and S jo s tra n d  (132) succeeded in  v is u a l iz in g  th e  co ch lea r 
e f fe re n t  in n e rv a tio n  th rough  th e  use o f th e  high m ag n ifica tio n  made p o s s i­
b le  by th e  e le c tro n  m icroscope. T h ^  dem onstrated two d i f f e r e n t  major 
ty p e s , and one su b -ty p e , o f  nerve endings in n e rv a tin g  th e  o u te r  h a i r  c e l l s .  
At a  l a t e r  d a te  Kimura and h e r  a sso c ia te s  (77) confirm ed th e  o r ig in a l  
o b se rv a tio n s  o f  Smith and S jo s tra n d . She observed th e  nerve endings o f  
th e  e f f e r e n t  f ib e rs  to  be v e s ic u la te d  and s im ila r  in  t h e i r  m orphological 
c h a r a c te r i s t i c s  (numerous v e s s ic le s )  to  motor end p la te s  and o th e r  p re -  
sy n ap tic  n e u ra l  ju n c tio n s  which a lso  g e n e ra lly  are  considered  to  be 
e f fe re n t  f i b e r s .
Numerous in v e s t ig a to r s  have d ire c te d  t h e i r  e f f o r t s  tow ard th e  
o b serv a tio n  o f  th e  e f f e c t  o f  s tiu m u la tio n  o f  th e  o liv o -c o c h le a r  bundle on 
th e  co ch lea r m icrophonie, endocochlear p o te n t ia l ,  summating p o te n t ia l  and 
a c tio n  p o te n t ia l .  Galambos (56) was one o f  th e  f i r s t  in v e s t ig a to r s  to  use 
e l e c t r i c  shock to  s t im u la te  th e  OCB and to  achieve th e  e f f e c t  o f t h i s  s t i ­
m ula tion  on th e  e ig h th  nerve a c tio n  p o te n t ia l  (AP). Galambos observed a
u
complete e lim in a tio n  o f  th e  AP fo llo w in g  OCB s tim u la tio n . Fex (5 1 ), 
u s ing  s im ila r  s t im u la t io n , observed an in c re a se  in  th e  coch lear m icro- 
phonic ( cm) v o ltag e  fo llo w in g  OCB s tim u la tio n . Fex a lso  n o tic e d  an in ­
c rease  in  th e  p o s i t iv e  r e s t i n g ,  o r  endococh lear, p o te n t ia l  (EP) fo llow ing 
OCB s tim u la tio n . K onishi and S lep ian  (77) observed th a t  th e  summa tin g  
p o te n t ia l  became more n e g a tiv e  w ith  e l e c t r i c a l  s tim u la tio n  o f th e  COCB.
In  a l l  in s ta n ce s  th e  fo u r  p o te n t ia l s  (AP, CM, SP, EP) re tu rn e d  to  t h e i r  
o r ig in a l  value fo llo w in g  th e  w ithdraw al o f  th e  e l e c t r i c a l  s tim u la tio n  o f  
th e  OCB. Desmedt (3 2 ) , K onishi and S lep ian  (80) and Rossi ( i l l ) ,  a l l  
confirm ed th e  i n i t i a l  o b se rv a tio n s  o f  Galambos and Fex.
S ev e ra l hypotheses have been o ffe re d  to  ex p la in  th e  a c t iv i ty  o f  
th e  a u d ito ry  e f f e re n t  system . Hemandez-Peon (70) suggested  th a t  th e  
system  may fu n c tio n  as a  g a tin g  mechanism f o r  th e  se p a ra tio n  o f  meaning­
f u l  from non-m eaningful m a te r ia l  and c h a ra c te r iz e d  th e  au d ito ry  c e n tr ifu g a l  
f ib e r s  as b e ing  p a r t  o f  a  feedback loop fu n c tio n in g  in  a  s e lf - r e g u la t in g  
manner. Bekesy (5) d iscu ssed  th e  p o s s ib le  ro le  o f in h ib i to ry  e f fe re n t 
nerve f ib e r s  in  a u d ito ry  lo c a l iz a t io n  phenomenon. The r e s u l t s  o f  d i f f e r e n t  
in v e s t ig a t io n s  and th e  co n c lu sio n s  drawn from them a re  in co n clu siv e  and 
th e  ro le  o f  th e  e f fe re n t  a u d ito ry  system  in  a u d itio n  remains obscure.
I t  had been n o ted  th a t  sm all changes in  stim ulus param eters 
( e l e c t r i c a l  o r  a c o u s tic )  used  in  s tim u la tio n  o f th e  e f fe re n t  system  have 
been observed to  produce la rg e  v a r ia t io n s  in  th e  experim ental r e s u l t s .  
C onsequently , P f a l tz  (96 ) has su g g ested  th a t  th e  changes observed in  th e  
co ch lea r p o te n t ia ls  when u s in g  e l e c t r i c a l  s tim u la tio n  may not be th e  r e s u l t  
o f  e f f e re n t  f ib e r  a c t i v i t y  b u t r a th e r  may re p re se n t an a r t i f a c t  induced by 
th e  e l e c t r i c a l  s t im u la tio n  i t s e l f .
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While a l l  in v e s t ig a to r s  using  e l e c t r i c a l  s tim u la tio n  o f th e  e f ­
fe re n t system  have observed s im ila r  changes in  co ch lea r p o t e n t i a l s , none 
has been ab le  to  observe a  s im ila r  response u s in g  c o n tr a la te r a l  a c o u s tic  
s t im u la tio n . This le d  P f a l tz  ( 96 ) and Spong (126) to  suggest t h a t  th e  
e f fe re n t  system  may be fu n c tio n in g  as a  h o m o la te ra l feedback network 
r a th e r  th an  as an in h ib i t in g  system  on th e  c o n t r a la t e r a l  coch lea . They 
propose t h a t  bo th  th e  COCB and th e  HOCB may have an i p s i l a t e r a l  fu n c tio n  
as w e ll as a  c o n t r a la t e r a l  fu n c tio n  as had been  p rev io u s ly  su g g ested .
They p o in t ou t th a t  w h ile  i t  i s  t ru e  th a t  th e  m a jo rity  o f th e  e f f e r e n t  
f ib e r s  from th e  s u p e r io r  o l iv a ry  complex c ro ss  to  th e  c o n t r a la te r a l  s id e ,  
th e  a f f e r e n t  in p u t to  each con^lex comes from b o th  th e  h o m ola te ra l and 
th e  c o n t r a la t e r a l  co ch lea r n u c le i .  The an atom ica l p o s s ib i l i ty  f o r  a  homo­
l a t e r a l  feedback mechanism i s  th u s  a v a i la b le .
W hile a  g re a t  amount o f d a ta  has been accum ulated p e r ta in in g  to  
th e  a u d ito ry  e f f e r e n t  system , no u n ify in g  h y p o th esis  has evolved w ith  
reg a rd  to  i t s  ex ac t fu n c tio n . In  p a r t ,  th e  problem  l i e s  w ith  th e  com­
p le x i ty  o f  th e  system  i t s e l f ,  r e f le c t in g  th e  need to  g a th e r more inform a­
t io n  as to  th e  a c t i v i ty  o f th e  in d iv id u a l s u b -u n its  th e re o f .  The g e n e ra l 
purpose o f t h i s  p a r t i c u la r  in v e s t ig a t io n  i s  to  examine the  e f f e c t  o f  
e lim in a tin g  a l l  h o m o la te ra l e f fe re n t  in p u t to  one coch lea . The s p e c i f ic  
in te n t  o f  t h i s  study  i s  to  determ ine th e  in f lu e n c e ,  i f  any, o f h o m o la te ra l 
e f fe re n t  f ib e r s  on th e  au d ito ry  a f fe re n t  in p u t .  To t h i s  end, th e  co ch lea r 
m icrophonie and a c tio n  p o te n t ia l  were measured b e fo re  and a f t e r  s e c tio n in g  
th e  h o m o la te ra l o liv o -c o c h le a r  f ib e rs  and th e  h o m o la te ra l l a t e r a l  lem niscus 
in  e ig h t gu inea  p ig s .  The r a t io n a l  fo r  s e c t io n in g  bo th  th e  e f f e r e n t  f ib e r s  
in  th e  l a t e r a l  lem niscus and th e  h o m o la te ra l o liv a ry  complex f ib e r s  was t o
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examine in  t h i s  study  th e  g ross e f f e c t  o f  e lim in a tin g  a l l  e f fe re n t  in p u t 
to  one coch lea . The fo llow ing  ch ap te r i s  devoted to  a  review  o f th e  
l i t e r a t u r e  p e r t in e n t  to  th e  anatomy and physio logy  o f c e n tr ifu g a l  f ib e rs  
to  th e  coch lea .
CHAPTER I I  
REVIEW OF THE LITERATURE 
In tro d u c tio n
The human au d ito ry  system  i s  a  conçlex network o f neurons which 
e x h ib its  A ll o f  th e  c a p a b i l i t i e s  o f  th e  nervous system  in  g e n e ra l. I t  i s  
composed o f  b o th  a f fe re n t  and e f f e r e n t  neurons which f a c i l i t a t e  th e  coding 
o f  p e r ip h e ra l  sensory  in p u t in to  n e u ra l messages which enable th e  percep­
t io n  o f  a c o u s tic  e v e n ts . The e f f e r e n t  f ib e r s  o f  th e  au d ito ry  system course 
from s e v e ra l  n u c le i in  th e  b ra in  stem  to  te rm in a te  p e r ip h e ra lly  on th e  
h a i r  c e l l s  o f  th e  coch lea o r on some c e n t r a l  a f fe re n t  neurons. This chap­
t e r  i s  devoted  to  a d iscu ss io n  o f  th e  anatomy and physiology o f th e se  
au d ito ry  e f f e r e n t  f ib e r s .
There appears to  be a  unique re la t io n s h ip  between th e  au d ito ry  
a f fe re n t  and e f f e re n t  systems which allow s fo r  th e  m o d ifica tio n  o f a f f e r ­
e n t n e u ra l  a c t i v i t y  by th e  e f f e r e n t  system . The a f fe re n t  in p u t seems to  
t r i g g e r  e f f e r e n t  f ib e r  a c t i v i ty  a t  s e v e ra l  le v e ls  o f  th e  b ra in  stem which 
in  tu rn  may f a c i l i t a t e  o r  in h ib i t  th e  ho m o la te ra l o r  c o n tr a la te r a l  a f f e r ­
en t in p u t .  Only th e  advent o f  new measurement techn iques and th e  use of 
th e  e le c tro n  m icroscope has allow ed a d e ta i le d  mapping o f  th e  lo c a t io n  o f 
th e  n e u ra l f ib e r s  in  th e  a u d ito ry  system . The d iscovery  o f  th e  exact
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pathways o f  th e  a u d ito ry  c e n tr i fu g a l  f ib e r s  has n a tu ra l ly  le d  to  sp ecu la tio n  
and experim en tation  w ith  re g a rd  to  t h e i r  fu n c tio n . While a g re a t  d e a l of 
bo th  anatom ic and p h y s io lo g ic  in fo rm ation  has been accum ulated, many un­
answered q u estio n s  rem ain . The fo llow ing  s e c tio n  i s  a review  o f th e  l i t e r ­
a tu re  w ith  re g a rd  to  th e  anatom ic, p h y s io lo g ic  and psychophysical s tu d ie s  
o f  th e  a u d ito ry  c e n tr i fu g a l  system .
Anatomic Evidence o f th e  E x istence  o f 
A uditory  C e n trifu g a l Nerve F ib ers  
Rasmussen (99) was f i r s t  to  re p o r t  th e  e x is ten c e  o f  e f fe re n t  
f ib e r s  co u rsing  from th e  s u p e r io r  o l iv e  tow ard both  th e  c o n t r a la te r a l  and 
i p s i l a t e r a l  co ch lea s . Using a  degenera tion  te ch n iq u e , Rasmussen was ab le  
to  tr a c e  what he term ed th e  c rossed  o liv o -c o c h le a r  bundle (COCB) from i t s  
p o in t of o r ig in  in  th e  su p e r io r  o l iv e  to  th e  b a sa l  tu rn  o f th e  coch lea . 
D estru c tio n  o f  th e  m u ltip o la r  c e l l s  s i tu a te d  m edial to  th e  accesso ry  o liv e  
and d o rsa l t o  th e  tra p e z o id  body re v e a le d  degenera ting  f ib e rs  r i s in g  ven- 
t r a l l y  through th e  b ra in  stem  and moving to  th e  f lo o r  o f  th e  fo u r th  ven­
t r i c l e .  The f ib e r s  formed a  c o n tac t bundle and crossed  th e  f lo o r  o f  th e  
fo u rth  v e n t r ic le  r o s t r a l  t o  th e  f a c i a l  genu. Rasmussen fu r th e r  observed 
th a t  some o f  th e  f ib e r s  e n te red  th e  m edial angle o f th e  m edial v e s t ib u la r  
nucleus and te rm in a ted  w hile  th e  m a jo rity  ran  l a t e r a l l y  to  th e  d o rsa l s id e  
o f  th e  descending tr ig e m in a l nerve where th ey  Jo ined  th e  a f fe re n t  v e s tib u ­
l a r  nerve. The bundle th en  l e f t  th e  m edulla running p a r a l l e l  t o  th e  ves­
t i b u l a r  and f a c ia l  n e rv es . The f ib e r s  th en  proceeded to  th e  a re a  o f 
S carp a 's  gan g lio n . In  th e  a re a  o f  S c a rp a 's  g an g lio n , th e  f ib e r s  l e f t  th e  
v e s t ib u la r  nerve to  form O o rt 's  anastom osis w ith  th e  coch lear d iv is io n  o f 
th e  e ig h th  c r a n ia l  n e rv e .
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Rasmussen (lOO) was l a t e r  ab le  to  t r a c e  th e  e f f e re n t  f ib e rs  be­
yond O o rt 's  anastom osis . He id e n t i f i e d  th re e  o f  fo u r w e ll de fin ed  f a s c i ­
c u li  (sm a ll bund les o r  c lu s te r s  o f  n e rv e s ) . The la r g e s t  o f  th e se  passed 
through th e  groove between th e  b a sa l  and second tu rn s  o f  th e  coch lea  
b e fo re  e n te r in g  R o sen th a l’s c an a l. These f ib e r s  then  proceeded toward 
th e  second and a p ic a l  tu rn s  o f  th e  coch lea . The second fa s c ic le  coursed 
alm ost p a r a l l e l  to  th e  a f fe re n t  co ch lea r nerve supply  o f  th e  b a sa l  tu rn .
The t h i r d  f a s c ic le  was in c o n s is te n t and could  be found in  the  s p i r a l
g an g lia  o f  th e  m iddle o f th e  b a sa l tu r n .  A ll o f  th e se  f ib e rs  were shown
to  c o l le c t  to  form  what i s  now known as th e  in tra g a n g lio n ic  s p i r a l  bund le .
In  a  l a t e r  s tu d y , Rasmussen (102) id e n t i f i e d  a  hom olatera l com­
ponent o f  th e  e f f e r e n t  bundle where f ib e r s  pass  d o r s o la te r a l ly  w ith  re sp e c t 
to  th e  ascending  lim b o f th e  c ro ssed  component a r is in g  from th e  same 
gen era l lo c a t io n  i n  th e  s u p e r io r  o l iv e .  Rasmussen observed th a t  th e  COCB 
was com prised o f  approxim ately  500 th r e e - to - f iv e  micron f ib e rs  w hile  th e  
HOCB co n ta in ed  approxim ately  o n e - f i f th  as many f ib e r s  o f  th e  same d iam eter. 
C o lla te r a l  f ib e r s  from bo th  th e  HOCB and th e  COCB f a r  exceeded th e  p a ren t 
f ib e r s  in  number. COCB f ib e r s  were observed to  connect d i r e c t ly  to  th e  
v e n tra l  co ch lea r nucleus through c o l l a t e r a l  b ran ch es. The in n e rv a tio n  in  
th e  v e n tra l  c o ch le a r nucleus was d i f f u s e ,  however, and th e  p re c ise  te rm i­
n a tio n  o f  th e se  f ib e r s  was not dem onstrated . Rasmussen was a lso  ab le  to  
show t h a t  th e  o r ig in s  o f  both  HOCB and COCB in  th e  s u p e r io r  o liv e  were 
in n e rv a ted  by a f f e r e n t  f ib e r s  from b o th  co ch lea r n u c le i .
Fernandez (U9) was ab le  to  t r a c e  th e  course o f  th e  s p i r a l  f ib e rs  
d iscovered  by Rasmussen through th e  coch lea . F ernandez 's  re sea rch  rev ea led  
th a t  p o rtio n s  o f  th e  in te rg a n g lio n ic  s p i r a l  bundle run a p ic a lly  in s id e  th e
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s p i r a l  ganglion as much as o n e -fo u rth  o f a tu rn  o r more. These f ib e r s  
gave o f f  many c o l l a t e r a l  f ib e r s  which could be tr a c e d  to  th e  reg io n  o f 
th e  in n e r h a i r  c e l l s .  Fernandez concluded th a t  th e  in n e r  h a i r  c e l l s  had 
both  a f fe re n t  and e f f e r e n t  in n e rv a tio n . Fernandez fu r th e r  observed th a t  
th e  in te rg a n g lio n ic  s p i r a l  bund le  had more neurons in  th e  b a s a l  tu rn  w ith  
a  decreasing  p o p u la tio n  o f  f ib e r s  tow ard th e  a p ic a l  tu r n s .  Portmann and 
Portmann (98) r e p l ic a te d  F e rn an d ez 's  work w ith  s im ila r  r e s u l t s .  The i n i ­
t i a l  in v e s t ig a t io n s  d iscu ssed  above a l l  used d eg en era tio n  and s ta in in g  
techniques to  observe th e  course  o f  th e  e f fe re n t  f ib e r s .  About t h i s  tim e 
(1959)» however, o th e r  in v e s t ig a to r s  tu rn ed  to  h is to ch em ica l in v e s t ig a t io n s  
to  fu r th e r  confirm  th e  cou rse  o f  th e se  newly d isco v ered  e f f e r e n t  f ib e r s .
The f i r s t  o f th e  h is to c h em ic a l in v e s t ig a tio n s  was c a r r ie d  out by 
C h u rch ill and h is  co-w orkers (18 ) .  T h e ir s tudy  was designed  to  ta k e  ad­
vantage o f p rev ious in fo rm atio n  reg a rd in g  th e  p resence  o f a c e ty lc h o lin e  
as a n e u ra l- tr a n s m itte r  in  c e r ta in  e f fe re n t  system s. A cety lch o lin e  i s  
recognized as th e  chem ical m ed ia to r o f  inq)ulses a t  a l l  autonomic g a n g lia , 
a l l  parasym pathetic  p o s tg a n g lio n ic  te rm in a tio n s , sym pathetic  postgang­
l io n ic  endings a t  sweat g la n d s , and motor nerve endings a t  s k e le ta l  
m uscles. A c e ty lc h o lin e s te ra se  i s  an enzyme which reduces a c e ty lc h o lin e  
to  a c e t ic  ac id  and ch o lin e  fo llo w in g  a c tiv a t io n  o f a  succeed ing  neuron a t 
th e  sy n ap tic  ju n c tio n . W hile a c e ty lc h o lin e  cannot be measured d i r e c t ly ,  
th e  assu n ç tio n  i s  g e n e ra lly  accep ted  by p h y s io lo g is ts  t h a t  th e  ace ty lcho ­
l in e  co n cen tra tio n  parsü -le ls  th a t  o f  a c e ty lc h o lin e s te ra s e  (AcHE). C h u rc h ill, 
e t a l  (19) was ab le  to  dem onstrate  th e  presence o f AcHE a c t i v i t y  in  th e  re ­
gion of bo th  th e  in n e r  and o u te r  h a i r  c e l l s  o f  c a ts  and gu inea  p ig s .  He 
d id  no t t r y ,  however, t o  d e f in i te ly  l in k  t h i s  AcHE a c t i v i ty  to  o liv o ­
coch lear bundle a c t i v i t y .
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Schuknecht (123) and Schuknecht, C h u rc h ill, and Doran (124) 
dem onstrated  th a t  th e  p resence  o f  AcHE in  th e  cochlea was dependent on 
th e  i n t e g r i t y  o f  th e  o liv o -c o c h le a r  b u n d le . Follow ing tra n s e c t io n  and 
deg en era tio n  o f th e  COCB and th e  HOCB, AcHE a c t iv i ty  was no lo n g er observ­
ab le  in  th e  reg io n  o f  th e  o u te r  h a i r  c e l l s .  I t  was concluded th a t  th e  
o u te r  h a i r  c e l l s  were th e  f i n a l  te rm in a tio n s  fo r  th e  e f f e r e n t  f i b e r s .
O ther in v e s t ig a to r s  a tten ip ted  to  confirm  th e  presence  o f  th e se  
e f f e r e n t  te rm in a tio n s  v isu e illy  th rough  th e  use o f  e le c tro n  m icroscopy. 
Engstrom and h is  co-w orkers (4 8 ) , Spoendlin  (135 ), lu ra to  (7 4 ) , Smith 
(127) ,  and Smith and S jo s tra n d  (132) among o th e rs  dem onstrated th e  e x is ­
ten ce  o f  s e v e ra l  structursLLly d i f f e r e n t  ty p es  o f  nerve endings a t  th e  base 
o f th e  c o ch le a r h a i r  c e l l s  w ith  th e  use o f th e  e le c tro n  m icroscope. Nerve 
te rm in a ls  o f  th e  f i r s t  row o f  o u te r  h a i r  c e l l s  were la rg e  and g ran u la ted  
(numerous v e s s i c l e s ) ,  however, th e  in n e r  row con tained  a number o f sm a lle r 
le s s  g ra n u la te d  f i b e r s .  Engstrom (48) a lso  noted  a  double-w alled  p o s t-  
sy n ap tic  membrane th a t  could  be i d e n t i f i e d  in s id e  th e  h a i r  c e l l  a t  th e  
p o in t o f  co n tac t w ith  th e  la rg e  g ra n u la te d  endings. Smith hypo thesized  
th a t  th e  g ra n u la te d  f ib e r s  were p a r t  o f  th e  e f fe re n t  system .
Smith and S jo s tra n d  (l3 2 ) dem onstrated  th e  e x is ten c e  o f two 
d i f f e r e n t  ty p es  o f  nerve  endings a t  th e  base  o f  th e  o u te r  c e l l s  as w e ll 
as one su b ty p e . Tyjpe I  endings were sm all and sp a rse ly  v e sc ic u la te d  w ith  
d iam eters from 0 .1  to  1 .0  p o sse ss in g  a  w e ll d efined  plasm a membrane and 
c o n ta in in g  few m itochondria  (sm all g ran u le s) and v e s c ic le s .  A "sy n ap tic  
b a r"  c o n s is t in g  o f  a  rod-shaped  o sm io p h ilis  ( re a d ily  s u b je c t to  osm osis) 
s t r u c tu r e  surrounded  by a  s in g le  la y e r  o f  v e sc ic le s  was observed to  d iv ide  
th e  space betw een th e  synaptolemma and th e  h a i r  c e l l  plasm a membrane. They
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(Smith and. S jo s tran d ) a lso  d esc rib ed  some la rg e  densely  v e sc ic u la te d  nerve 
endings m easuring up to  f iv e  inches in  len g th  and o n e -to -th re e  microns in  
d iam eter. These f ib e r s  con tained  numerous c lo se ly  packed v e s c ic le s .  They 
a lso  con ta ined  numerous m itochondria  grouped in  th e  p o rtio n  o f th e  nerve 
c e l l  d i s t a l  to  th e  h a i r  c e l l .  No sy n ap tic  b a r was observed in  t h i s  group 
o f  f ib e r s .  The nerve endings d esig n a ted  as type  2a have an id e n t ic a l  
s t ru c tu re  to  th o se  o f type I I  b u t t h e i r  endings were no t in  co n tac t w ith  
th e  h a i r  c e l l s  and connected m ainly w ith  o th e r  nerve endings o f f ib e r s .
Smith and S jo s tran d  (132) c l a s s i f i e d  th e  in d iv id u a l h a i r  c e l l s  
depending upon th e  type  of nerve endings which in n e rv a ted  them. The h a i r  
c e l l s  were term ed ty p e  A i f  th ey  were in  co n tac t w ith  bo th  type I  and type 
I I  nerve endings and were term ed type  B i f  th ey  were in  co n tac t w ith  the  
ty p e  I  end ings. Both Smith and S jo s tra n d  and Spoendlin  observed th a t  th e  
h a i r  c e l l s  p rog ress  in  number from predom inantly  type  A to  predom inantly 
type  B from base to  apex re s p e c tiv e ly . Kimura and h e r co-workers ( j j )  
dem onstrated th a t  in  man th e re  a re  a lso  two ty p es  o f  nerve endings where 
sy n ap tic  connections e x is t  between th e  e f f e re n t  axon and th e  a ffe re n t 
den d rite^  b o th  in  th e  reg io n  o f th e  o u te r  s p i r a l  bundle and a t  th e  base o f 
th e  h a i r  c e l l s .  Smith and S jo s tra n d  considered  bo th  ty p e  2 and type 2a 
nerve endings to  be e f fe re n t  f ib e r s .
O ther c e n tr ifu g a l connections have eilso been dem onstrated w ith in  
th e  a u d ito iy  system . Van Gehuchten ( lU l) dem onstrated f ib e rs  supplying 
bo th  th e  coch lear and v e s t ib u la r  apparatus o f th e  i p s i l a t e r a l  s id e  coming 
from c e l l s  in  th e  r e t i c u l a r  form ation  o f th e  pons and m edulla. Rasmussen 
(106) re c e n tly  confirm ed th e  e x is ten c e  o f  th e  re tic u lo -c o c h le a r  f ib e r s .  
Galambos (6 l)  and o th ers  have observed th e  presence  o f  c e n tr ifu g a l f ib e rs
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descending from th e  in f e r io r  c o ll ic u lu s  in  th e  l a t e r a l  lem niscus to  th e  
i p s i l a t e r a l  co ch lea r n u c le i .  F igure  I  p re se n ts  a  s im p lif ie d  diagram  o f 
th e  t r a i n  stem a t  th e  le v e l  o f th e  co ch lea r n u c le i .
The anatom ical evidence fo r  th e  lo c a tio n  o f th e  au d ito ry  c e n tr i ­
fu g a l f ib e rs  i s  f a i r l y  co n clu siv e . Based on th e  in v e s t ig a tio n s  c i te d  
above and o th e rs ,  th e  e x is ten ce  o f bo th  a  c rossed  and a hom olatera l 
e f fe re n t  in n e rv a tio n  o f th e  o u te r  h a i r  c e l l s  from th e  su p e r io r  o liv a ry  
complex has been e s ta b lis h e d . The p h y s io lo g ic a l s ig n if ic a n c e  o f t h i s  
system , however, has n o t been so c le a r ly  dem onstrated. The in v e s t ig a tio n s  
p e r ta in in g  to  th e  physiology o f th e  a u d ito ry  e f fe re n t  system  a re  d iscu ssed  
in  th e  fo llow ing  s e c t io n .
Physiology o f th e  A uditory E ffe ren t System
The study  o f th e  physiology o f  th e  au d ito ry  e f fe re n t  system  was 
i n i t i a t e d  by Galambos (56) .  Galambos in v e s t ig a te d  th e  e f f e c t  o f  s tim u la ­
t io n  o f th e  COCB on th e  a c tio n  p o te n t ia l  (H^) in  th e  e ig h th  nerve o f  c a ts .  
He s tim u la te d  COCB f ib e r s  in  th e  f lo o r  o f  th e  fo u rth  v e n tr ic le  w ith  e le c ­
t r i c a l  square waves. The response was ab o lish ed  by th i s  s t im u la tio n . 
There was an in d ic a t io n  o f an in c o n s is te n t b u t d ir e c t  r e la t io n s h ip  between 
th e  frequency o f th e  e l e c t r i c a l  shock and th e  amount o f re d u c tio n . 
Optimal red u c tio n  was observed a t  100 shocks p e r second. F u ll  recovery  
o f  th e  response was observed two seconds a f t e r  e l e c t r i c a l  s tim u la tio n  
o f  th e  COCB was te rm in a ted . Placement o f  th e  s tim u la tin g  e le c tro d e  was 
found to  be c ru c ia l  fo r  observation  o f th e  red u c tio n  o f A lo c a tio n  
o f  i2mm r o s t r a l  to  th e  obex o f  the  m edulla was necessary  fo r  th e  re d u c tio n . 
While Galambos d id  no t d iscuss the  e f f e c t  o f s tim u la tio n  on th e  co ch lea r
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m icrophonie (CM), in sp ec tio n  o f h is  d a ta  re v e a ls  th a t  th e  CM was po ten ­
t i a t e d  by th e  s tim u la tio n .
In  1962 , Fex (50) s tu d ie d  th e  e f f e c t  o f e l e c t r i c a l  s t im u la tio n  
o f  th e  COCB on both  th e  co ch lea r m icrophonie and the  endocochlear po ten­
t i a l s .  The procedure used in  t h i s  study  i s  ty p ic a l  o f th e  m a jo rity  o f  
in v e s t ig a t io n s  using  e l e c t r i c a l  s tim u la tio n  to  e l i c i t  e f fe re n t  f ib e r  
f i r i n g .  Fex used decereb ra ted  c a ts  a n e s th e tiz e d  w ith  e th e r ,  th ro g e n a l 
and f la n e d i l .  He observed an in c re a se  o f approxim ately th re e  dB in  th e  CM 
du rin g  s tim u la tio n  o f  th e  COCB. S in g le  f ib e r s  were s tu d ie d  to  observe th e  
e f f e c t  o f  s tim u la tin g  th e  e f f e r e n t  f ib e r s  e l e c t r i c a l l y .  Fex was ab le  to  
lo c a te  505 e f fe re n t  f ib e rs  in  h is  experim en tal an im als. Of th e s e ,  t h i r t y -  
f iv e  showed r e s t in g  a c t iv i ty  which was d i f f e r e n t  from ty p ic a l  a f f e re n t  
r e s t in g  a c t i v i ty .  The e f fe re n t  f ib e r s  showed a  re g u la r  f i r in g  o f v a ry in g  
frequency in  c o n tra s t to  th e  ty p ic a l  b u rs ts  o f f i r in g  observed in  th e  
a f fe re n t  f ib e r s .  While a f fe re n t  f ib e r s  were shown to  generate  f i r in g  
r a te s  up to  1000 impulses p e r second , e f f e re n t  f ib e r s  responded to  tone  
p ip s  o f  60dB SPL a t a  r a te  o f only t h i r t y  to  f i f t y  p e r  second w ith  most 
f ib e r s  having a dynamic range o f  only  30dB (A dynamic range s im ila r  to  
a f fe re n t  e ig h th  nerve f i b e r s ) .  F ib e rs  were observed to  e x h ib it  an abso­
lu te  r e f ra c to ry  s t a t e  a f t e r  tw elve m illiseco n d s  o f s tim u la tio n .
The e l e c t r i c a l  s tim u la tio n  o f th e  COCB was o f  17 to  75 msec, 
d u ra tio n . The most e f fe c t iv e  in h ib i t io n  o f th e  component o f  th e  AP 
response w ith  th is  stim ulus was observed u sin g  approxim ately 250 shocks 
p e r  second. As the  response decreased  w hile  the  shock was p re se n te d , 
th e  cochleeur mocrophonic was observed  to  in c re a se  by a meocimum o f  th re e  
d e c ib e ls . The endocochlear r e s t in g  p o te n t ia l  was a lso  observed to  in c re a se
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as a  f im c tio n  o f  in c re a s in g  th e  e l e c t r i c a l  s t im u la tio n  o f th e  COCB. The 
maximum in c re a se s  observed were .5mV (average  p o te n t ia ls  o f  approxim ately 
80mV a re  t y p i c a l ) .  F u rth e r  in c rease s  in  th e  s tim u lu s  s tre n g th  above th i s  
d id  n o t in c re a se  th e  r e s t in g  p o te n t ia l  v o lta g e .
In  h is  summary, Fex suggests t h a t  th e  fo llo w in g  sta tem en ts  can 
be made w ith  re g a rd  to  th e  a c t iv i ty  o f  th e  OCB; ( l )  A coustic s tim u la tio n  
w i l l  s t im u la te  th e  au d ito ry  e f fe re n n t f i b e r s ;  (2) E le c t r ic a l  s tim u la tio n  
o f  th e  COCB in  th e  f lo o r  o f th e  fo u r th  v e n t r ic le  w i l l  cause a decrease  in  
th e  Nj response o f  th e  e ig h th  n e rv e ; (3) E le c t r i c a l  s tim u la tio n  o f th e  COCB 
in  th e  f lo o r  o f th e  fo u rth  v e n tr ic le  w i l l  cause an augm entation o f bo th  th e  
c o ch lea r m icrophonie p o te n t ia l  and th e  DC endococh lear r e s t in g  p o te n t ia l  
in  th e  coch lea . Im p lic i t  w ith  h is  d isc u ss io n  i s  th e  suggestion  th a t  th e  
OCB i s  fu n c tio n in g  p r im a ri ly  as a  c o n t r a la t e r a l  in h ib i to r  o f a f fe re n t  
a c t i v i t y .  Fex d id  n o t ,  however, a ttem pt to  dem onstrate  whether o r not 
c o n t r a la t e r a l  a c o u s tic  s tim u la tio n  would have th e  same e f f e c t  as m id line 
e l e c t r i c a l  s t im u la tio n  on th e  a c tio n  p o t e n t i a l ,  co ch lea r m icrophonie, o r 
endococh lear p o te n t i a l .  In  ano ther experim ent Fex in je c te d  s try ch n in e  
(a  known e f f e r e n t  in h ib i to r )  in trav e n eo u s ly  in to  h is  e jg e rim en ta l an im als. 
He observed th a t  a l l  e f fe c ts  on th e  co ch lea r m icrophonie and a c tio n  poten­
t i a l  a t t r ib u ta b le  to  th e  e f fe re n t  a c t i v i ty  d isap p ea red .
In  1966 , W iederhold and Chance (lUU) in v e s t ig a te d  the  e f f e c t  o f 
changing th e  s tim u lu s  param eters employed on th e  e f f e r e n t  in h ib i t io n  o f 
a f f e r e n t  f i r i n g .  They used b a rb itu a te  a n e s th e s ia  in  c a ts  whose middle 
e a r  muscle tendons had been se c tio n e d , and d e liv e re d  a  t r a i n  o f shocks to  
th e  f lo o r  o f th e  fo u r th  v e n t r ic le ,  fo llow ed  by p re s e n ta tio n  o f an aco u s tic  
s tim u lu s . The CM responses were averaged on a  d i g i t a l  computer. The
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r e s u l t s  in d ic a te d  th a t  th e  response was s ig n if ic a n t ly  reduced in  am pli­
tude  f o r  th e  low est c l ic k  le v e ls  p re sen te d  to  th e  e a r  b u t no t f o r  th e  
h ig h e s t c l ic k  le v e l s .  Even very  s tro n g  OCB s tim u la tio n  d id  no t reduce 
am plitude a t  high sound p re s su re  l e v e l s .  The au thors suggest th a t  th i s  
may be th e  r e s u l t  o f  th e  d if fe re n c e s  in  th e  waveforms o f  th e  s t im u li  th a t  
a c t iv a te  th e  nerve endings o f  th e  au d ito ry  nerve f ib e r s  as w e ll  as t h e i r  
lo c a t io n  along th e  coch lea . O ther in v e s t ig a to r s  have a lso  observed th e  
dependence o f a f fe re n t  a c t i v i ty  on th e  stim ulus p a ram ete rs .
D allos (22) has suggested  t h a t  when measurement o f  th e  a c tio n  
p o te n t ia l  in  th e  b a s a l  tu rn  o f  th e  coch lea  was achieved by u sin g  a d i f f e r ­
e n t i a l  e le c tro d e  te ch n iq u e , th e  o b serv a tio n  could only be made when using  
a h igh  frequency a c o u s tic  s t im u la tio n  (8Khz) s in ce  th e  CM am plitude 
masked ou t th e  AP re sp o n se . The d i f f e r e n t i a l  techn ique  allow s fo r  a  lo c a l  
measurement o f th e  co ch lea r m icrophonie and a  d is ta n t  measure o f th e  a c tio n  
p o te n t ia l .  On th e  o th e r  hand Konishi and S lep ian  (80) observed  th a t  e le c ­
t r i c a l  s tim u la tio n  o f th e  e f f e re n t  system  re s u lte d  in  CM changes only  when 
th e  frequency o f th e  a c o u s tic  s tim u la tio n  was approxim ately  IKHz. Fex (5 1 ), 
R o ss i, e t a l  (117), Galabmos (57) and o th e rs  have a l l  re p o r te d  th a t  th e  
e f f e c ts  o f e f fe re n t  s tim u la tio n  a re  maximal when th e  frequency o f  th e  
e l e c t r i c a l  s tim u la tio n  i s  approxim ately  250 shocks p e r  second. Konishi 
(80 ) observed an in h ib ito ry  e f f e c t  on the  summating p o te n t ia l  in  guinea 
p ig  using  e l e c t r i c a l  s tim u la tio n  o f  th e  COCB; however, he cau tio n s  th a t  a 
g re a t v a r ia t io n  o f e f f e c t  was observed depending on th e  param eters o f  th e  
a c o u s tic  s ig n a ls ,  th e  param eters o f  th e  e l e c t r i c a l  s tim u la tio n  o f  th e  
COCB, and even th e  in te r v a l  between COCB s tim u la tio n  and th e  p re s e n ta tio n  
o f  th e  aco u s tic  s tim u lu s .
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The In flu en ce  o f one coch lea on th e  c o n tr a la te r a l  coch lea  i s  
w e ll documented. I t  appears th a t  th e  mechanisms "by which t h i s  cochleo- 
co ch lea r in te r r e la t io n s h ip  i s  e f fe c te d  may be found in  th e  au d ito ry  
e f fe re n t  system .
Galambos, and h is  co-workers (62) were th e  f i r s t  to  study  th e  
coch leo -co ch lea r in te r - r e la t io n s h ip s .  The recorded  th e  response follow ­
ing  s tim u la tio n  o f  one e a r  by a  c l ic k .  When the  c o n tr a la te r a l  e a r  was 
exposed to  a  s im ila r  c l ic k ,  p reced ing  th e  o th e r  one by 1.25 m Sec., a 
decrease in  th e  i p s i l a t e r a l  response was observed. These r e s u l t s  w ere, 
however, d isco u n ted  when i t  was l a t e r  observed th a t  s im ila r  r e s u l t s  could 
be observed a f t e r  s e c tio n in g  th e  i p s i l a t e r a l  a co u s tic  nerve.
The e x is te n c e  o f fu n c tio n a l coch leo -coch lear connections has been 
dem onstrated (6 2 ). These a re  no t connections l im ite d  to  p e r ip h e ra l  organs 
alone b u t a re  in te g ra te d  and complemented by o th e r connections a t  h ig h e r 
n e u ra l c e n te rs .  Changes in  h ea rin g  a c u ity  o f one e a r a s so c ia te d  w ith  
p a th o lo g ic  p ro cesses  i n ,  o r fo llow ing  su rgery  o f th e  c o n tr a la te r a l  e a r  
have been su g gested . The exact manner in  which a f f e re n t- e f f e r e n t  in t e r ­
a c tio n  in f lu e n c e s  th e  au d ito ry  mechanism i s  s t i l l  obscure; however, th e  
a c t iv i ty  o f  th e  au d itn ry  c e n tr ifu g a l  f ib e r s  p rov ides a t  l e a s t  one p o ss ib le  
ex p lan a tio n  o f  th e  b e h av io ra l o b serv a tio n s  mentioned above. Following 
a re  some o f th e  more im portant o f th e se  o b serv a tio n s .
In v e s t ig a to rs  have hypo thesized  th a t  c o l l a t e r a l  au d ito ry  e f fe re n t 
f ib e r s  fu n c tio n  as a  sharpening o r fu n n e lin g  mechanism (5 ) . Both f r e ­
quency and in te n s i ty  d isc r im in a tio n  have been considered  in  the  h y p o th esis . 
While th e  r e s u l t s  o f th e  b eh av io ra l s tu d ie s  in  some in s tan ces  ten d  to  
support t h i s  h y p o th e s is , b eh av io ra l in v e s t ig a tio n s  concerning the  o liv o ­
co ch lea r system  have no t y ie ld e d  conclusive  evidence in  t h i s  re g a rd .
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Galambos (6 l)  u s in g  c l a s s ic a l  c o n d itio n in g  techniques in v e s t ig a te d  
ab so lu te  th re sh o ld s  fo r  tones o f 300, 500, and 1500 Hz in  th e  p resence  o f 
an u n sp ec if ie d  masking n o ise  b e fo re  and a f t e r  t ra n s e c tio n  o f th e  COCB in  
c a ts .  The r e s u l t s  re v e a le d  no change in  th e  a b so lu te  th re sh o ld . Using 
im planted  e le c tro d e s  ,  th e  potentieuLs were measured b i l a t e r a l l y  in  
s le e p  and w akefu lness, during  a n e s th e s ia ,  w hile  th e  animal was e x c ite d  and 
w h ile  th e  animal was observ ing  a mouse (a  co n d itio n  which produced changes 
in  th e  n e u ra l a c t i v i ty  in  o th e r  p a r ts  o f  th e  CNS). No c o n s is te n t and 
r e l i a b le  changes were found in  th e  e a r  w ith  th e  m iddle e a r  muscles c u t. 
Although co nd itioned  responses were e v id e n t , no e f f e c t  on th e  OCB could 
be observed.
Brugg, Anderson and A itk in  (lU) in  t h e i r  study  o f  th e  d o rsa l 
n u c le i o f  th e  l a t e r a l  lem niscus suggested  t h a t  in h ib i to ry  e f f e c t s  in  th e  
l a t e r a l  lem niscus suggested  th a t  in h ib i to ry  e f f e c ts  in  th e  l a t e r a l  lem nis­
cus due to  c o n t r a la t e r a l  a co u s tic  s tim u la tio n  a re  due to  im pulses a r r iv in g  
over pathways d i r e c t ly  from th e  co ch lea r complex o f th e  c o n t r a la te r a l  s id e . 
They suggest th a t  p o s s ib ly  th e  e f f e c ts  o f s t im u la tio n  of th e  i p s i l a t e r a l  
e a r  a r is e  from neurons in  th e  su p e r io r  o l iv a ry  conçlex and which p ro je c t  
t o  neurons in  th e  d o rsa l nucleus on th e  same s id e .
In  1969, P fa lz  (9*+) s tu d ie d  th e  e f f e c t  o f  c o n tr a la te r a l  a co u s tic  
s tim u la tio n  o f th e  co ch lea r p o te n t ia ls  in  gu inea  p ig s .  A d i f f e r e n t i a l  
e le c tro d e  techn ique was used by T asak i, Davis and Legouiz in  1952 fo r  
reco rd in g  th e  N^, Ng and CM. No changes in  th e  a c tio n  p o te n t ia ls  o r 
co ch lea r m icrophonie were observed by P f a l t z  as a  r e s u l t  o f c o n tr a la te r a l  
a c o u s tic  s tim u la tio n  w ith  pure to n es  o r c l ic k s .  In  h is  d is c u s s io n , P fa lz  
suggests  th a t  th e  la c k  o f evidence fo r  a  fu n c tio n  o f  th e  o liv o -c o c h le a r
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bundle i s  only  in  c o n f l ic t  w ith  th e  fin d in g s  o f  o th e r  in v e s t ig a to r s  i f  i t
i s  assumed th a t  th e re  must n e c e s sa r ily  he a  c ro ssed  fu n c tio n  o f  th e  bundle
under non-experim en tal c o n d itio n s . P fa lz  p o in ts  out th a t  in  s tudy ing
crossed  e f f e r e n t  a c t i v i t y ,
g e n e ra lly  each o f th e  two e a rs  must be s tim u la te d  s e p a ra te ly , 
f o r  only  a t  th e  le v e l  o f  th e  coch lea  and th e  co ch lea r nucleus 
can e f f e r e n t  c ro ssed  a c tio n  b e s t  be s tu d ie d . The c h ie f  d i f ­
f i c u l ty  in  such an experim ent i s  in  r e b u tt in g  th e  opinion 
th a t  a  re d u c tio n  o f a  p o te n t ia l  such as th e  i s  no t due
to  n e u ra l in h ib i t io n  b u t r a th e r  to  p e r ip h e ra l  p h y s ic a l c ro ssed  
masking (9 0 ) .
E l e c t r ic a l  o v e rs tim u la tio n  may y ie ld  non-physio log ic  in h ib i t io n  due to  th e
e l e c t r i c a l  a c t i v i t y  i t s e l f .
I t  i s  g e n e ra lly  th e  in te g ra t iv e  a c tio n  o f th e  synapse which 
l im i t s  e x c i ta t io n  in  a  n e u ra l pathway whereas th e  nerve usu­
a l ly  can be e l e c t r i c a l l y  d riv en  to  f a r  h ig h e r s p ik e - ra te s  o f 
e x c i ta t io n  i f  i t s  sy n ap tic  ju n c tio n  i s  bypassed (90 ) .
This i s  th e  case  w ith  e l e c t r i c a l  s tim u la tio n  o f  th e  COCB in  th e  f lo o r  o f
th e  fo u r th  v e n t r ic le  s in ce  th e  synapse i s  lo c a te d  in  th e  su p e r io r  o liv a ry
complex.
P fa lz  (9%) f u r th e r  d iscu ssed  th e  la ck  o f  'n a tu r a l '  p re s e n ta tio n  
during p rev ious s tu d ie s  o f the  e f f e r e n t  system . For an example o f  th i s  
he r e f e r s  to  th e  s tim u la tio n  o f one e a r  u sing  a IKHz to n e  o f 90dB and th e  
o th e r e a r  w ith  a  IKHz tone  o f 30dB as Fex had done. D iffe ren ces  o f t h i s  
magnitude between th e  two ea rs  do n o t occur under normal co n d itio n s  in  
l i f e .  Rasmussen (l0 2 ) as e a r ly  as 1933 emphasized th e  fu n c tio n  o f  th e  
OCB as b e in g , most l i k e ly ,  h o m o la te ra l. Prim ary a f f e r e n t  f ib e r s  from th e  
l e f t  coch lea  proceed  through th e  l e f t  co ch lea r nucleus to  th e  i p s i l a t e r a l  
and c o n t r a la t e r a l  su p e r io r  o liv a ry  complex. The h om ola te ra l e f fe re n t  
f ib e r s  to  th e  l e f t  coch lea  a r is e  from th e  l e f t  s u p e r io r  o liv e  w hile  th e
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c o n t r a la t e r a l  e f f e r e n t  f ib e r s  to  th e  l e f t  co ch lea  a r is e  from th e  r ig h t  
su p e r io r  o l iv e .  P fa lz  (9%) suggests  th a t  t h i s  fu n c tio n a lly  u n i l a t e r a l  
c i r c u i t  may he in h ib i te d  o r p o te n tia te d  by h ig h e r  au d ito ry  c en te rs  such 
as th e  i n f e r io r  c o ll ic u iu s  o r  th e  m edial g e n ic u la te  body by way o f  c e n tr i ­
fu g a l pathways which may co n tac t th e  l e f t  o liv o c o c h lea r  system  in  th e  l e f t  
co ch lea r nucleus o r in  th e  su p e r io r  o liv a ry  conçlexes o f both  s id e s .  The 
p o s s ib i l i ty  o f  th e  r ig h t  cochlea c o n tr ib u tin g  to  th e  a c t iv i ty  o f th e  l e f t  
e f fe re n t  system  i s  thus no t excluded and may be e f fe c te d  v ia  o th e r  c e n tr i ­
fu g a l system s.
In  summary, w hile  th e  c e n tr i fu g a l  a u d ito ry  system  has been 
s tu d ie d  q u ite  e x te n s iv e ly , th e  p h y s io lo g ic a l and b eh av io ra l d a ta  a re  some­
tim es eq u iv o ca l. There a re  s e v e ra l  p o s s ib le  sources fo r  la ck  o f  agreement 
in  th e  s tu d ie s  o f th e  au d ito ry  e f f e r e n t  system . The use o f  d i f f e r e n t  
experim en tal anim als may in  i t s e l f  be on so u rce . In  th e  c a t ,  f o r  exam ple, 
no r e t i c u lo - e f f e r e n t  f ib e rs  have been dem onstrated . The use o f  d if f e r e n t  
l e v e l s ,  o r ty p e  o f ,  a n a e s th e s ia  may c o n tr ib u te  to  th e  v a r ia t io n s  observed. 
V a ria tio n  due t o  changes in  s tim ulus (a c o u s tic  o r e l e c t r i c a l )  param eters 
have been shown to  produce eq u ivoca l r e s u l t s .  There i s  even evidence to  
suggest th e  p o s s ib i l i ty  th a t  use o f e l e c t r i c a l  s tim u la tio n  as a  means o f 
in v e s t ig a t in g  th e  e f fe re n t  system  may produce a r t i f a c tu a l  r e s u l t s . I t  i s  
c le a r  t h a t  a d d it io n a l  in v e s t ig a t io n  i s  n ecessa ry  b e fo re  th e  s p e c if ic  func­
t io n  o r  fu n c tio n s  o f  th e  au d ito ry  c e n tr i fu g a l  system  w i l l  f u l ly  be under­
s to o d . P ersuan t to  t h i s  need, th e  p re se n t in v e s t ig a t io n  examines th e  
e f f e c t  o f  e lim in a tin g  a l l  e f f e r e n t  feedback to  one cochlea in  gu inea  p ig . 
The fo llow ing  ch ap te r w i l l  p re se n t in  d e t a i l  th e  methods used in  t h i s  in ­
v e s t ig a t io n  o f  th e  au d ito ry  c e n tr i fu g a l  system .
CHAPTER I I I  
DETAILS OF THE EXPERIMENT 
In tro d u c tio n
S ev era l d if f e r e n t  techn iques have been used to  examine th e  a c t i ­
v i ty  o f  th e  au d ito ry  c e n tr ifu g a l  system  as has been in d ic a te d  in  e a r l i e r  
c h ap te rs . The m a jo rity  o f th e  p rev ious s tu d ie s  o f th e  p h y s io lo g ic  
a c t iv i ty  o f th e  e f fe re n t  system  have used e l e c t r i c a l  s tim u la tio n  to  t r ig g e r  
th e  neurons in  th e  o liv o -co c h le a r b u n d le . In  th e  p re sen t in v e s t ig a t io n  a 
procedure was used fo r  sec tio n in g  th e  au d ito ry  e f fe re n t  f ib e r s  on one s id e  
o f  th e  b ra in  stem . Table I  in d ic a te s  th e  tem poral measurement sequence.
A d e ta i le d  d e sc r ip tio n  o f th e  experim en ta l an im als, apparatus and proce­
dures used  in  t h i s  study fo llo w s.
Experim ental Animals 
E igh t h e a lth y  w hite  guinea p ig s  weighing between UOO and 500 grams 
served  as experim ental su b je c ts  fo r  t h i s  in v e s t ig a tio n . As c o n tro l fo r  
normal h e a r in g , a  normal P reyer r e f le x  (p inna  r e f le x  to  w h is tle )  was r e ­
q u ired  b e fo re  th e  animal was accep ted . The e x te rn a l a u d ito ry  meatus and 
tympanic membrane were examined to  e lim in a te  guinea p igs w ith  o t i t i s  
e x te rn a  o r o t i t i s  media.
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S u rg ica l P rep a ra tio n  
The s u rg ic a l  p re p a ra tio n  used in  t h i s  experim ent was a  ty p ic a l  
v e n t r o la te r a l  approach as o r ig in a l ly  d e sc rib ed  hy D avis, Gemandt and 
Riesco-M acClure (31 ). The anim als were a n e s th e tiz e d  by in tr a p e r i to n e a l  
in je c t io n s  o f  sodium p e n to b a rb ita l (Nembutal) u sing  .l»5cc/Kg body w eight 
as dosage. Im m obilization o f th e  anim al was accomplished by in travenous 
in je c t io n  o f  cu rare  follow ing can n u la tio n  o f th e  l e f t  ju g u la r  v e in .
Follow ing th e  a n e s th e s ia  a  m id lin e  s a g g i ta l  in c is io n  o f approxi­
m ately 2cm was made using  s u rg ic a l  s c i s s o r s .  The tra c h e a  was then  cu t in  
h a l f  a n te r io r a l ly  and a  g la ss  ”t ” cannu la , w ith  a rubber tube and a  clan# 
re g u la to r  a tta c h e d , was t i e d  in to  th e  tra c h e a . The animal was th en  fa s ­
ten ed  to  a  head h o ld e r which c o n s is te d  o f  two hollow  s t e e l  rods in  a  "C" 
c lan # . The rods were then  in s e r te d  in to  th e  e a r  canals and a  nose clan# 
a tta ch e d  to  th e  sn o u t.
The au d ito ry  b u l la  was then  exposed by d e fle c tin g  the  overly ing  
t i s s u e .  The t i s s u e  on th e  l e f t  s id e  o f  th e  tra c h e a  was d e fle c te d  to  expose 
th e  l e f t  ju g u la r  v e in . This ve in  was th en  cannulated  and connected to  a 
2-way sy rin g e  fo r  in je c t io n  o f more a n e s th e s ia  o r  cu rare  as needed. 
Following t h i s ,  an a r t i f i c i a l  r e s p i r a to r  (Harbard) was connected to  th e  
g la ss  re g u la to r  and s e t  fo r  75cc p e r s tro k e  w ith  60 s tro k es  p e r m inute. 
S u rg ica l th re a d  (00 s iz e )  was guided along th e  m edial su rface  o f th e  l e f t  
mandible and under th e  t i s s u e  o f th e  neck to  e x i t  l a t e r a l  to  th e  r ig h t  
c a ro t id  a r te r y .  The neck t is s u e  was th e n  t i e d  lo o se ly  and p u lled  toward 
th e  l e f t  to  allow  b e t t e r  observation  o f  th e  r ig h t  au d ito ry  b u l la .  The 
r ig h t  s te rn o c le id o m asto id  muscle was th en  broken fre e  from i t s  in s e r t io n  
and d e f le c te d  su p e r io r ly  to  e]#ose th e  b u l la .  The r ig h t  mandible was
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th en  broken d is  t a l l y  to  broaden th e  f i e l d  o f  c is io n  around th e  b u l la .
The m andible and muscles o f  m a s tic u la tio n  were t i e d  la te ra lw a rd  to  keep 
them from covering th e  b u l la  a re a . The r ig h t  b u l la  was then  opened to  
expose th e  coch lea  w ith in .
A d e n ta l d r i l l  (Ernesco) was used t o  d r i l l  a  kidney shaped h o le  
(w ith convex s id e  medialward) in  th e  b u l la  from a p o in t i n f e r io r  to  th e  
tympanic membrane medialward in  o rd e r to  allow  o b servation  o f  th e  e n t i r e  
coch lea . Care was taken  no t to  damage th e  tympanic membrane during  th i s  
p ro cedure . Following t h i s ,  w ith  th e  a id  o f  an o p e ra tin g  m icroscope, two 
h o les were d r i l l e d  in  th e  b a s a l  tu rn  o f th e  co ch lea , one in  s c a la  v e s t i -  
b u l i  and th e  o th e r  in  s c a la  tym pani. These h o le s  were d r i l l e d  by u s in g  a 
need le  which had been sharpened to  a  th re e  s id ed  p o in t and a tta c h e d  to  a 
hand h o ld e r . Ey observ ing  th e  changes in  th e  co lo r o f th e  bone ch ips 
when f i r s t  dampened by co ch lea r f lu id  i t  was p o s s ib le  to  s to p  p e n e tra tio n  
o f th e  need le  w ith  a  minimal lo s s  o f th e  perilym ph. Care was taken  to  • 
keep th e  coch lea  dry w ith  su c tio n  during  d r i l l i n g  in  o rd er to  f a c i l i t a t e  
o b se rv a tio n  o f  th e  bone p e n e tr a t io n . At t h i s  tim e th e  pickup e le c tro d e s  
were in tro d u ced  in to  s c a la  media and s c a la  tym pani.
Measurement o f th e  C ochlear M icrophonie 
and A ction P o te n t ia l  
Measurement o f  th e  co ch lea r m icrophonie (CM) and a c tio n  p o te n t ia l  
(AP) was accom plished by using two s t a in le s s  s t e e l  e le c tro d e s  and a  modi­
f ie d  d i f f e r e n t i a l  e le c tro d e  techn ique  as suggested  by D a llo s . The s t e e l  
e le c tro d e s  were coated  w ith  a  p a in t  (Targon) except fo r  approxim ately  500 
microns o f  th e  t i p .  The b u l la  was i s o la te d  from th e  surrounding  t i s s u e  by
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means o f  an e a r  speculnm which had been cu t back to  expose an a re a  o f 
approxim ately  two cm by o n e-and -one-half cm and a tta ch e d  to  th e  head 
h o ld e r  by a s t e e l  connecting  ro d . The e le c tro d e s  were in s e r te d  in to  s c a la  
media and s c a la  ty n ç an i and f ix e d  to  th e  s id e s  o f th e  speculum. The e le c ­
tro d e s  were h e ld  in  p lace  by fa s te n in g  them to  th e  s id e s  o f  th e  speculum 
w ith  d e n ta l cement (Ernesco).
The e le c tro d e s  were th en  a tta c h e d  t o  two p r e a n ç l i f i e r s , one an 
in v e r tin g  and th e  o th e r  a  n o n -in v e rtin g  a m p lif ie r .  The ou tp u ts  o f  th e  two 
a m p lif ie rs  were d ire c te d  to  a  sw itch ing  box fo r  s e le c t io n  o f  e i th e r  th e  
CM o r  AP mode f o r  d isp la y  (F igures 2 and 3 ). In  bo th  th e  CM and AP modes 
th e  re fe re n c e  e le c tro d e  was grounded to  in d i f f e r e n t  t i s s u e  v ia  th e  head 
h o ld e r in s e r te d  in to  th e  e x te rn a l a u d ito ry  m eatus. The s ig n a l  was d ire c te d  
to  th e  d i f f e r e n t i a l  in p u t a m p lif ie r  (T ek tro n ix  2A6i) o f  a  dual beam o s c i l -  
l is c o p e . An o s c i l l is c o p e  camera was used  to  photograph th e  CM and AP. 
Photographs o f  bo th  th e  CM and AP were made p r io r  to  c e re b e l la r  e x c is io n , 
fo llow ing  c e r e b e l la r  e x c is io n  and fo llo w in g  c e n tr i fu g a l  s e c tio n in g . A 
p u lsed  a c o u s tic  s tim u la tio n  w ith  a  250 msec duty cycle  o f  th e  coch lea  was 
m ain tained  from th e  tim e th a t  th e  e le c tro d e s  were a tta c h e d  to  th e  p re p a ra ­
t io n  u n t i l  th e  second photograph o f  th e  co ch lea r m icrophonie and a c tio n  
p o te n t ia l  was o b ta in e d .
S u rg ic a l S ec tion ing  o f C e n tr ifu g a l F ib ers
The course o f  th e  cro ssed  o liv o -c o c h le a r  bundle across th e  mid­
l in e  in  th e  f lo o r  o f  th e  fo u rth  v e n tr ic le  and s u p e r io r  to  th e  f a c i a l  genu 
i s  w e ll documented (60 , 99» 100, lO l) .  The ho m o la te ra l e f f e re n t  f ib e r s  o f 







































Schem atic Diagram o f  th e  C ir c u i t ry  Used to  Enable In s ta n tan e o u s  Sw itching  





f a c i a l  genu (100), C en trifu g a l f ib e r s  from th e  i n f e r io r  c o ll ic u iu s  have 
been shown to  proceed  in f e r io r ly  a long th e  l a t e r a l  lem niscus to  synapse 
i n  th e  co ch lea r n u c le i (38 ), In  o rd er to  e lim in a te  any e f f e r e n t  a c t iv i ty  
to  th e  h o m ola te ra l coch lea , two s u rg ic a l  se c tio n s  were made in  th e  b ra in  
stem  o f th e  guinea p ig . Using a  number te n  s c a lp e l  (Board P a rk e r) , a 
s a g g i ta l  s e c tio n  was made approxim ately onemm to  th e  r ig h t  o f  th e  m idline 
and approxim ately  ,5 mm deep running J u s t  su p e r io r  to  th e  f a c ia l  genu.
The second in c is io n  was a  tra n sv e rse  s e c tio n  a t  a  p o in t  ,5  cm su p e r io r  to  
th e  f i r s t  in c is io n  on th e  r ig h t  s id e  o f  th e  b ra in  stem and deep enough to  
s e c tio n  th e  l a t e r a l  lem niscus on th a t  s id e . The lo c a t io n  o f  bo th  th ese  
in c is io n s  was confirm ed fo llow ing  one o f th e  experim en tal runs by f ix in g  
th e  b ra in  stem w ith  H eidenhein-Susa s o lu t io n ,  imbedding in  co llo d io n  end 
s ta in in g  w ith  b lu e  s ta in  fo r  m icroscopic exam ination. F igu re  It p re sen ts  
a  schem atic o f th e  s u rg ic a l  le s io n s .
A coustic S tim u la tion  
A s in e  wave g en e ra to r (H ew lett Packard 200 ABR) was used to  gener­
a te  a  lOOOHz s ig n a l  which was used to  s tim u la te  th e  r ig h t  e a r  o f th e  guinea 
p ig . The pure to n e  s ig n a l was e le c tro n ic a l ly  sw itched  (Grason S ta d le r  829C) 
to  g en era te  a  250mSec, p u lsed  tone w ith  a 25mSec, r i s e  and decay tim e fo r  
th e  co ch lea r m icrophonie measurement a c tio n  p o te n t ia l  measurement. The 
tim ing  o f  th e  e le c tro n ic  sw itch  was c o n tro lle d  by th e  use o f  a  wave form 
g e n e ra to r  (T ektronix) and two pu lse  g en era to rs  (T ek tro n ix ), F igure  5 p re­
se n ts  a  b lock  diagram o f th e  apparatus used to  g en era te  th e  a co u s tic  s ig ­
n a ls ,  Sound p re ssu re  le v e l  c a l ib ra t io n  a t  th e  earphone t i p  was accomplished 
by use o f  a  probe microphone and microphone complement (B ruel and K Jaer),
FIGURE III
Graphie R epresen ta tion  o f th e  B rain  Stem I l l u s t r a t i n g  
The Cochlear N uclei (DCN-VCN), The I n f e r io r  
C o llicu iu s  ( IC ) , The S u p erio r O livary  
Complex ( s e e ) .  The F a c ia l Genu (F .G ,) ,
And The Two S u rg ica l S ec tio n s  ( l  2)






S im p lif ie d  Block Diagram o f  th e  A pparatus Used t o  G enerate th e  A coustic  S tim ulus. 
Shown a re  th e  Pure Tone O s c i l l a to r  (ODC), th e  Wave Form and P u lse  G enera to rs 
(W.G. and P .G .) ,  th e  A tte n u a to r  ( A t t ) ,  th e  T ransform er (X) and






In  o rd e r  to  i s o l a t e  a u d ito ry  s tim u la tio n  to  one e a r th e  sound 
was tran sd u ced  by a h e a rin g  a id  re c e iv e r  (50 ohms) which was a c o u s tic a l ly  
i s o la te d  w ith in  a  sm all ( 3”xl*"x2 ” ) e l e c t r i c a l l y  s h ie ld e d  m etal box packed 
w ith  c o tto n . The sound was d ire c te d  to  th e  r ig h t  e a r  can a l by means o f a 
p o ly e th y len e  tu b e  which was connected to  a  hollow  m e ta l e a r  h o ld e r f ix e d  
in  th e  bony e x te rn a l  au d ito ry  m eatus. F igure  6 i l l u s t r a t e s  th e  tra n sd u ce r 
housing  and lin k ag e  to  th e  head h o ld e r . During a l l  measurements th e  a n i­
mal was i s o la te d  in  a  s in g le  w a ll a c o u s tic a l ly  t r e a t e d  booth (lAC).
Summary o f  Experim ental Design
The purpose o f th e  p re se n t study  was to  examine th e  immediate 
e f f e c t  o f  s e c tio n in g  th e  h o m o la te ra l o liv o -c o c h le a r  bundle and th e  des­
in g  c e n tr i fu g a l  f ib e r s  in  th e  l a t e r a l  lem niscus on th e  co ch lea r m icro- 
phonic and th e  a c tio n  p o te n t ia l  o f  th e  hom ola te ra l coch lea . The o liv o ­
c o ch le a r  bundle was se c tio n e d  J u s t  su p e r io r  to  th e  f a c i a l  genu in  th e  
f lo o r  o f  th e  fo u r th  v e n t r i c l e .  The l a t e r a l  lem niscus was sec tio n ed  
approxim ately  5 cm s u p e r io r  to  th e  i n i t i a l  in c is io n  and in f e r io r  to  th e  
i n f e r i o r  c o l l ic u iu s .  To th i s  end th e  e f f e c t  o f  s e c tio n in g  th e  e f fe re n t  
in n e rv a tio n  o f  one coch lea  on th e  coch lear m icrophonie (CM) and ac tio n  
p o te n t ia l  (AP) o f  th a t  same co ch lea  was s tu d ie d . This purpose was achieved 
by observ ing  th e  co ch lea r m icrophonie and a c tio n  p o te n t ia l  o f  guinea p ig 's  
co ch lea  under two c o n d itio n s . F i r s t ,  th e  CM and AP were observed and 
photographed during  a c o u s tic  s tim u la tio n  o f th e  r i g h t  e a r  w ith  a 1000 Hz 
pure  tone  a t  90dB sound p re s su re  le v e l  (SPL). S econdly , th e  CM and AP 
were observed and photographed du rin g  s tim u la tio n  w ith  the  same aco u stic  
s tim u lu s  b u t fo llow ing  s u rg ic a l  se c tio n in g  o f th e  ho m o la te ra l aud ito ry
FIGURE VI
D e ta ile d  Drawing o f  th e  E l e c t r o s t a t i c a l l y  S h ie ld ed  Box Housing th e  T ransducer and 





c e n tr i fu g a l  e f fe re n t  f ib e r s  o f  th e  s i ç e r io r  o liv a ry  complex and th e  in ­
f e r io r  c o l l ic u iu s .  O bservation o f th e  coch lear m icrophonie a f t e r  su rg ic a l  
e x c is io n  o f  th e  cerebellum  was used as an experim ental c o n tro l  to  ru le  out 
th e  p o s s ib i l i ty  th a t  th e  observed r e s u l t  was a t t r ib u ta b le  to  th e  trauma 
a s so c ia te d  w ith  c e re b e lla r  e x c is io n .
The fo llow ing  ch ap te r p re se n ts  a  d iscu ss io n  o f  th e  r e s u l t s  o f th e  
experim ent and th e  conclusions drawn from them.
CHAPTER IV 
RESULTS, DISCUSSION, AND SPECULATION 
In tro d u c tio n
The s p e c if ic  fu n c tio n  o f  th e  a u d ito ry  e f f e r e n t  f ib e r s  in  th e  
n eu ra l coding o f  a c o u s tic  in p u t i s  y e t  to  be ex p la in ed . While se v e ra l 
in v e s t ig a to rs  have examined th e  a c t i v i ty  o f th e se  f i b e r s ,  no un ify in g  
hypothesis has been developed to  ex p la in  t h e i r  com plete r o le .  A p re ss in g  
need in  t h i s  a re a  i s  th e  accum ulation o f s u f f i c i e n t  in fo rm atio n  about th e  
groups o f au d ito ry  e f f e r e n t  bundles to  allow  sp e c u la tio n  w ith  reg ard  to  
t h e i r  c o n tr ib u tio n  to  a u d ito ry  in p u t c o n tro l. The in te n t  o f  th i s  p a r t i ­
c u la r  in v e s t ig a t io n  was to  c o n tr ib u te  f u r th e r  in fo rm atio n  reg ard in g  th e  
a c t iv i ty  o f  th i s  system . The experim enter examined th e  immediate e f fe c t  
o f  sec tio n in g  bo th  th e  h o m ola te ra l o liv o -c o c h le a r  e f f e re n t  f ib e r s  (OCB) 
and th e  hom olatera l c e n tr i fu g a l  f ib e r s  from th e  i n f e r io r  c o ll ic u iu s  u s in g  
th e  methods p rev io u s ly  d esc rib ed .
R esu lts
The r e s u l t s  o b ta ined  in  th i s  in v e s t ig a t io n  were analyzed w ith  
th re e  b a s ic  q u estio n s  in  mind. F i r s t  i s  th e  q u e s tio n  o f w hether o r not 
a g en era lized  traum a to  th e  p o s te r io r  c ra n ia l  fo s sa  i t s e l f  would cause
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any s ig n i f ic a n t  changes in  th e  co ch lea r microphonie and /o r a c tio n  po ten ­
t i a l ;  second, th e  e f f e c t  on th e  co ch lea r microphonie s e c tio n in g  o f  th e  
OCB and h o m o la te ra l l a t e r a l  lem niscus; t h i r d ,  th e  e f f e c t  o f  se c tio n in g  
th e  OCB and l a t e r a l  lem niscus on th e  a c tio n  p o te n t ia l .  Each o f  th e se  
qu estio n s  a re  considered  s e p a ra te ly  below . ,
E ffe c t  o f C e re b e lla r  E xcision  
In  g e n e ra l no s ig n i f ic a n t  changes in  e i th e r  th e  coch lear m icro - 
phonic o r th e  a c tio n  p o te n t ia l  were observed fo llow ing  c e re b e lla r  e x c i­
s io n  in  any o f  th e  e ig h t  an im als. In  a l l  cases th e  ab so lu te  v o ltag e  
changes observed were le s s  th an  th a t  seen  in  th e  ongoing v a r ia t io n  p r io r  
to  o r fo llow ing  c e r e b e l la r  e x c is io n . In  a l l  an im als, th e  maximum and 
minimum v o ltag es  in  th e  p re -c e r e b e l la r  e x c is io n  tim e p e rio d  were w ith in  
iUmV o f  th e  maximum and minimum v o lta g e s  observed in  th e  p o s t-c e r e b e l la r  
e x c is io n  tim e p e rio d  fo r  th e  co ch lea r m icrophonie.
E f fe c t o f  S ec tio n in g  H om olateral OCB and 
L a te ra l  Lemniscus on Cochlear Microphonie 
The immediate e f f e c t  o f  s e c tio n in g  th e  hom olatera l OCB f ib e r s  and 
th e  l a t e r a l  lem niscus was to  produce an in c re a se  in  th e  co ch lea r m icro - 
phonic in  every experim en tal anim al. The measurement o f  th e  d iffe re n c e s  
observed was accom plished by v is u a l  o b se rv a tio n  and no tin g  in  a  le d g e r 
th e  maximum and minimum v o ltag e s  du rin g  th e  various tim e p eriods p re ­
v io u s ly  s p e c if ie d . I t  was r e a l iz e d  th a t  a b e t t e r  techn ique would have 
been a  continuous re c o rd in g  o f  th e  CM throughout th e  e n t i r e  tim e p e rio d  
b u t due to  th e  la ck  o f  th e  necessary  equipment fo r  such measurement th e  
le s s  d e s ira b le  sam pling method was chosen. The p re -s e c tio n  and p o s t- s e c tio n
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maximum and minimum v o ltag e s  were reco rd ed  and th e  v o ltag e  r a t io s  o f  
th e se  d iffe re n c e s  were th en  c a lc u la te d . Based on th e se  v o lta g e  r a t io s  
th e  d e c ib e l e q u iv a len t was th en  c a lc u la te d . Table I I  p re sen ts  th e  v o l­
tag e  d iffe re n c e s  observed and th e  accompanying v o ltag e  r a t io s  and d e c i­
b e l  d iffe re n c e s  fo r  each anim al. The photographic rep roductions in  
I l l u s t r a t i o n  I  ty p ify  th e  o b serv a tio n s  made during  th e  measurement o f  
th e  coch lear m icrophonie.
S ince only  two d a ta  p o in ts ,  maximum and minimum v o lta g e s , were 
gathered  fo r  th e  p re -  and p o s t- s e c t io n  c o n d itio n s , no assum ptions were 
made w ith  reg a rd  to  th e  homogeneity o f  v a rian ces  o r th e  normalcy o f th e  
d is t r ib u t io n s  o f  th e  m easure. In  o rd er to  t e s t  fo r  s ig n i f ic a n t  d i f f e ­
rences between th e  p re -  and p o s t- s e c t io n  co n d itio n s  a  pow erful non-para- 
m etric  t e s t  o f  d if fe re n c e s  was so u g h t. S ince th e  Walsh t e s t  o f  d i f f e r e n ­
ces i s  considered  to  be a  very  pow erful t e s t  and when compared to  th e  
param etric  t  t e s t  has a power e f f ic ie n c y  o f  95^ fo r  most va lues o f N 
and , i t  appeared as th e  s t a t i s t i c a l  t e s t  o f choice ( l2 2 ) . The only 
assum ption u n d erly ing  th i s  t e s t  i s  t h a t  th e  p o p u la tions a re  sym m etrical, 
so th a t  th e  mean i s  an a cc u ra te  e s tim a to r o f  c e n tra l  tendency and equal 
to  th e  median. Measurement o f v o lta g e  met th e  requirem ent o f  measure­
ment a t  an in te r v a l  s c a le .  I t  was f e l t  th a t  by using  m id-range p o in ts  
between th e  manimum and minimum v o ltag e s  i t  would no t be in  v io la t io n  o f  
th e se  assum ptions to  apply th e  Walsh t e s t  to  th e se  d a ta . The r e s u l t s  o f 
t h i s  t e s t  a re  p re sen ted  in  Table I I I  and in d ic a te  th a t  th e  p o s t- s e c tio n  
v o ltag es  were s ig n i f ic a n t ly  la r g e r  th an  th e  p re -s e c tio n  v o ltag es  ( .008  
l e v e l  o f co n fidence).
TABLE I I
SUMMARY OF COCHLEAR MICROPHONIC CHANGES OBSERVED
V oltage r a t i o s  ex p ressed  re p re s e n t  th e  
v a r ia t io n  observed  in  th e  p re  s e c t io n  euad 
th e  p o s t s e c t io n  c o ch le a r m icrophonie 
v o l ta g e s .
P re  S e c tio n
w
CO
Animal M in.V oltage M ax.Voltage V oltage R atio D ecib e l Equiv.
1 . 51mV 58mV 1.137 0.595
2. 5Wv 70mV 1.296 1.159
3. 70mV 8UmV 1.200 0.792
1*. 58mV 6UmV 1.103 0.425
5. 70mV 79mV 1.128 0.461
6 . 56mV 60mV 1.071 0.297
7. 65mV 71mV 1.092 0 .342
8. 62mV 69mV 1.112 0.461
P o st S e c tio n
1 . 95mV lOUmV 1.094 0.390
2. 115mV 126mV 1.095 0.394
3. 119mV 120mV 1.008 0.034
U. 102mV lllm V 1.088 0.366
5. 105mV 112mV 1.066 0.277
6. lOUmV llOmV 1.057 0 .212
7. 130mV lUlmV 1.084 0.350
8. 126mV 130mV 1.031 0.128
ILLUSTRATION I
Photographs o f  Cochlear Microphonie Before and 




TABLE I I I
Summary o f  th e  S t a t i s t i c a l  A n alysis  





















P o st S e c tio n  
Mid Range 
1 0 0 .OmV 
1 2 0 .OmV 
1 1 9 .5mV 
106.0mV 
1 0 7 .5mV 
1 0 7 .OmV 
1 3 5 .OmV 
1 2 6 .OmV
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Rank O rder 
D iffe re n c es
dU 45.0  
d6 57.5  
d2 42.0  
d3 44.5  
d i 32 .5  
d 5 4 9 . 5
d8 67.5  
d j  63.5
S t a t i s t i c a l  Summary o f  Walsh T est
I f  d8 0 o r  d i  0 w ith  N=8 
Scores a re  s ig n i f i c a n t ly  d i f f e r e n t  a t  .008 l e v e l
lu
E ffe c t o f  S ec tion ing  th e  H om olateral OCB and 
L a te ra l  Lemniscus on th e  A ction  P o te n tia l  
The immediate e f f e c t  o f se c tio n in g  th e  hom olatera l OCB f ib e r s  
EUid th e  l a t e r a l  lem niscus was to  produce a  re d u c tio n  o f th e  a c tio n  po ten ­
t i a l .  As w ith  th e  co ch lea r m icrophonie th e  measurements were o b ta in e d  by 
v is u a l  observ a tio n  o f  th e  o s c il l is c o p e  fo r  th e  tim e pe rio d  s p e c if ie d .
The maximum and minimum vo ltag es  fo r  th e  p re - s e c t io n  and th e  p o s t- s e c t io n  
co nd itions were th en  recorded . Table IV p re se n ts  th e  maximum and minimum 
v o lta g e s , th e  v o ltag e  r a t io s  and th e  d e c ib e l eq u iv a len ts  fo r  th e se  r a t i o s  
observed in  b o th  th e  p re -  and p o s t- s e c t io n  co n d itio n s  fo r  a l l  an im als.
In  fo u r o f  th e  anim als th e  red u c tio n  o f  th e  a c tio n  p o te n t ia l  was g r e a te r  
th an  th e  minimum d isce rn a b le  AP v o ltag e  on th e  o s c i l l is c o p e  (lOmV). In  
each o f  th e se  c a s e s , th e  v o ltag e  was tak en  to  be le s s  than  lOmV and t h i s  
f ig u re  was used to  c a lc u la te  th e  d if fe re n c e  s c o re s . The photograph ic  r e ­
p roductions in  I l l u s t r a t i o n  I I  ty p ify  th e  o b serv a tio n s  made o f  th e  p re -  
and p o s t- s e c tio n  a c tio n  p o te n t ia ls .
As in  th e  case  o f  th e  coch lear m icrophonie i t  was f e l t  t h a t  a  
non-param etric  t e s t  o f  d iffe re n c e s  would be most a p p lic ab le  in  t h i s  csise. 
Again, th e  Walsh t e s t  o f  d iffe ren c es  was chosen and th e  r e s u l t s  o f  t h i s  
t e s t  in d ic a te  th a t  th e  p re -  and p o s t- s e c tio n  a c tio n  p o te n t ia l  v o lta g e s  
were s ig n if ic a n t ly  d i f f e r e n t  a t  th e  .008 l e v e l  o f  confidence. Table V 
summarizes th e  s t a t i s t i c a l  a n a ly s is  used .
In  summary, i t  appears th a t  s e c tio n in g  th e  c e n tr ifu g a l  in p u t to  
one cochlea has a  s p e c i f ic  e f f e c t  on th e  co ch lea r microphonie and a c t io n  
p o te n t ia l  o f  th a t  coch lea  which i s  no t th e  r e s u l t  o f  a  g en e ra liz ed  n e u ra l 
traum a to  th e  p o s te r io r  c ra n ia l  fo s sa . The fo llow ing  s e c tio n  d iscu sse s  
th e  r e s u l t s  ob ta in ed  in  th i s  in v e s t ig a t io n .
TABLE IV
SUMMARY OF ACTION POTENTIAL CHANGES OBSERVED
V oltage  r a t i o s  ex p ressed  re p re s e n t  
th e  v a r ia t io n  observed  in  th e  p re  
s e c t io n  and th e  p o s t s e c t io n  c o c h le a r  
m icrophonie v o lta g e s .
P re  S e c tio n
*rto
Animal M in.V oltage M ax.Voltage V oltage R a tio D ecib e l Equiv.
1 . 70mV 80mV 1.142 0.569
2. 58mV 70mV 1.206 0 .792
3. 60mV 7émV 1.266 1.004
k. 76mV 8UmV 1.105 0.607
5. 50mV 68mV 1.360 1.335
6. 6UmV 70mV 1.093 0.37%
7. 50mV 66mV 1.320 1.206
8. 68mV 70mV 1.029 0.086
P o st S e c tio n
1. lOmV lOmV 1.000 0.000
2. lOmV lOmV 1.000 0.000
3. lOmV lOmV 1.000 0.000
1*. 26mV 30mV 1.153 0.607
5. lUmV 20mV 1.426 1.523
6. 30mV U2mV 1.400 0.128
7 . lOmV lOmV 1.000 0.000
8. lOmV lOmV 1.000 0.000
ILLUSTRATION II
Photographs o f Action P o ten tia l Before and After 





Summary o f  th e  S t a t i s t i c a l  A nalysis  




















6 9 . OmV
P o s t S e c tio n  
Mid-Range 
1 0 .OmV 
1 0 .OmV 
1 0 .OmV 
28 . OmV 
1 7 . OmV 
36 . OmV 
1 0 .OmV 
1 0 .OmV
D iffe re n c e
Scores








D ecib e l








9 .3 9 0
Rank O rder 
D iffe re n c es
d8 65 .0  
d5 54.0 
d6 58.0  
dl* 52.0  
d.2 42.0 
d i  31.0 
d3 48.0  
d7 59.0
S t a t i s t i c a l  Summary o f  Walsh T est
I f  dQ 0 o r  d i  0 w ith  N=8,
Scores a re  s ig n i f i c a n t ly  d i f f e r e n t  a t  .0008 l e v e l .
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D iscussion
The prim ary  concern o f  t h i s  in v e s t ig a t io n  was to  e s ta b l is h  th e  
immediate e f f e c t  o f  s e c tio n in g  th e  ho m o la te ra l c e n tr ifu g a l  f ib e rs  to  one 
coch lea on th e  co ch lea r m icrophonie and a c tio n  p o te n t ia l  recorded  from 
th a t  same co ch lea . The conclusion  based  on th e  r e s u l t s  ob ta ined  i s  th a t  
th e re  i s  indeed  an  immediate e f f e c t  observed  by s e c tio n in g  th e  homolate» 
r a l  c e n tr i fu g a l  f i b e r s ,  th e  e f f e c t  b e in g  an in c re a se  in  th e  co ch lea r m icro- 
phonic v o lta g e  and a  decrease in  th e  a c t io n  p o te n t ia l  v o lta g e . This e f ­
f e c t  i s  s im ila r  to  th a t  observed in  in v e s t ig a t io n s  u sin g  e l e c t r i c a l  s t i ­
m ula tion  in  th e  f lo o r  o f  th e  fo u r th  v e n t r ic le  to  t r ig g e r  o liv o -co c h le a r 
f ib e r  a c t i v i t y .
The r e s u l t s  observed in  t h i s  s tu d y  suggest s e v e ra l p o ss ib le  con­
c lu sio n s  as to  th e  cause o f th e se  changes. Of c o n s id e ra tio n , f i r s t  
i s  th e  q u estio n  o f  w hether o r  n o t th e  e f f e c t s  observed a re  th e  r e s u l t  o f 
g en e ra liz ed  n e u ra l traum a secondary to  th e  s u rg ic a l  procedures in v o lv ed , 
r a th e r  th an  to  th e  s e c tio n  o f  th e  OCB and l a t e r a l  lem niscus p e r s e .
Second, i s  th e  c o n s id e ra tio n  o f  w hether o r  not th e  r e s u l t s  in  whole o r 
p a r t ,  d e r iv e  from damage to  o th e r  s t ru c tu re s  o r n e u ra l pathways. F in a l ly ,  
i f  th e  r e s u l t s  a r e ,  indeed , a t t r ib u ta b le  s o le ly  to  th e  sec tio n in g  o f  th e  
OCB and l a t e r a l  lem n isca l f i b e r s ,  th e n  i s  t h i s  e f f e c t  a  sh o rt- te rm  e f f e c t  
o f  acu te  traum a o r  i s  i t  a  permanent e f f e c t  t r u ly  re p re se n ta tiv e  o f  th e  
in te r ru p t io n  o f th e  pathways. Each o f  th e se  q u estions w i l l  be considered  
s e p a ra te ly  in  th e  fo llow ing  d is c u s s io n .
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G enera lized  N eural Trauma 
I t  i s  d o u b tfu l th a t  th e  changes in  th e  co ch lea r p o te n t ia ls  were 
due to  g en era l traum a s in c e  one would expect to  see  th e se  changes fo llow ­
in g  c e re b e l la r  ex c is io n  inasmuch th e  trauma to  th e  p o s te r io r  c r a n ia l  fo ssa  
would f a r  exceed th a t  which i s  c re a te d  by th e  s e c tio n in g  o f th e  au d ito ry  
c e n tr ifu g a l  f ib e r s .  S ince in  t h i s  as w e ll as s e v e ra l  o th e r in v e s t ig a t io n s ,  
c e re b e lla r  e x c is io n  i t s e l f  d id  no t produce changes in  th e  c o n tro l poten­
t i a l s  (CM and AP), i t  seems reaso n ab le  to  r u le  ou t a  g en era l trau m atic  
e f f e c t  as th e  cause o f  th e  changes in  th e  co ch lea r p o te n t ia ls  due to  th e  
n u e ra l traum a. A lso , in  one anim al in  t h i s  study  a  te n  hour o b se rv a tio n  
o f  th e  CM fo llow ing  c e re b e l la r  ex c is io n  produced no s ig n i f ic a n t  changes. 
Previous in v e s t ig a t io n  has in d ic a te d  th a t  s e c tio n in g  o f  only th e  au d ito ry  
a f fe re n t  f ib e r s  does no t produce s ig n if ic a n t  changes in  th e  coch lear mi­
crophonie (5 9 ) ' I f  no changes in  th e  CM were observed fo llow ing  a f f e re n t  
s e c tio n in g , i t  i s  d o u b tfu l th a t  th e  se c tio n s  used in  th i s  study  would cause 
such changes due to  th e  traum a a lo n e . I f  th e  e f f e c t  observed was th en  due 
to  in te r ru p t io n  o f th e  OCB and l a t e r a l  lem niscus pathw ays, i t  i s  d o u b tfu l 
th a t  th e  e f f e c t s  observed would d im inish  fo llow ing  recovery  from th e  
traum a o f  th e  s e c tio n in g  s in c e  th e  c e n tr a l  nervous system  does not have 
th e  c a p a b il i ty  fo r  re g e n e ra tio n  o f  nerve f ib e r s  in  t h e i r  o r ig in a l  pathway.
D ire c t traum a to  th e  f i r s t  o rder a f f e r e n t  neurons o f th e  V III 
nerve was avoided in  t h i s  in v e s t ig a tio n  by th e  lo c a t io n  o f th e  s i t e  fo r  
s u rg ic a l  s e c tio n in g  o f  th e  c e n tr ifu g a l  f ib e r s .  The se c tio n  o f  th e  o liv o ­
coch lear f ib e r s  was achieved  by c u tt in g  th e se  f ib e r s  d o rsa l to  th e  f a c ia l  
genu. The descending f ib e r s  o . th e  in f e r io r  c o l l ic u lu s  were cu t in  th e  
l a t e r a l  lem inscus which would only involve second o rd e r a f fe re n t  neurons.
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Also th e  g e n e ra l traum a to  th e  p o s te r io r  c r a n ia l  fo s sa  induced by cere­
b e l l a r  e x c is io n  would f a r  exceed th a t  produced by OCB s e c tio n in g  a lo n e , 
thus su g g es tin g  th a t  th e  e f fe c ts  observed  a re  th e  d i r e c t  r e s u l t  o f th e  
in te r r u p t io n  o f  th e  e f fe re n t  f ib e r s .
Damage to  Other S tru c tu re s  o r Pathways 
With re g a rd  to  th e  second c o n s id e ra tio n , th a t  be in g  th e  question  
as to  w hether th e  r e s u l t s  observed were th e  e f f e c t  o f  some n e u ra l a c t iv i ty  
o th e r  th a n  th e  au d ito ry  c e n tr ifu g a l  system , i t  i s  ag a in  d o u b tfu l th a t  th i s  
would e x p la in  th e  cause o f th e  observed e f f e c t s .  In  th e  f i r s t  p la c e , th e  
lo c a t io n  o f  th e  o liv o -co c h le a r  bundle  has been confirm ed in  s e v e ra l in ­
v e s t ig a t io n s  and th e  s u p e r f ic ia l  lo c a t io n  o f  th e se  f ib e r s  p rov ides easy 
access to  s e c tio n in g  su p e rio r  to  th e  f a c i a l  genu. The lo c a t io n  o f th e  
l a t e r a l  lem niscus i s  a lso  w e ll documented and s u rg ic a l  s e c tio n  used in  
t h i s  in v e s t ig a t io n  was deep enough so  as to  in su re  th a t  th e se  f ib e rs  
were in c lu d ed  in  th e  s e c tio n . The q u e s tio n  o f  w hether o r n o t s e c tio n in g  
o f n e u ra l f ib e r s  no t a sso c ia te d  w ith  e i th e r  th e  c ro ssed  o liv o -co c h le a r 
bundle o r th e  descending c e n tr i fu g a l  f ib e r s  o f  th e  l a t e r a l  lem niscus may 
in f lu e n c e  th e  Ap and CM p o te n tia ls  i s  a lso  p e r t in e n t .  While no h is to lo ­
g ic a l  co n firm a tio n  o f  a l l  f ib e rs  s e c tio n e d  was o b ta in e d , th e  depth o f  th e  
s e c tio n  a t  th e  le v e l  o f  th e  f a c ia l  genu should  p rec lu d e  d i r e c t  damage to  
any b u t th e  c ro s s in g  o liv o -co c h le a r f i b e r s .  While no h is to lo g ic a l  c o n f ir ­
m ation to  a ssu re  th a t  only a  p a r t i a l  s e c t io n  o f  th e se  f ib e r s  was not e f­
f e c te d ,  re fe re n c e  to  a s te r o ta x ic  a t l a s  was used in  an attem pt to  p revent 
th i s  p o s s ib i l i t y .  F u r th e r , a t  th e  l e v e l  o f  s e c tio n  o f  th e  l a t e r a l  lem nis­
c u s , th e  f ib e r s  invo lved  would in c lu d e  on ly  some o f  th e  brachium
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conjiinctiv ium , th e  c e n tr a l  tegm ental t r a c t ,  and th e  m edial lem niscus, 
none o f which would seem l ik e ly  to  in flu en c e  e i th e r  th e  V III nerve a c tio n  
p o te n t ia l  as reco rded  from th e  coch lea  o r th e  coch lear m icrophonie.
Included  in  th e  q u estio n  o f w hether o r not th e  e f f e c t  observed 
was th e  r e s u l t  o f  OCB and l a t e r a l  lem n isca l e f fe re n t  a c t i v i ty  alone i s  
th e  im p lic a tio n  th a t  th e  a u d ito ry  e f f e re n t  system  is  fu n c tio n in g  as both 
an in h ib i to ry  an3. a  f a c i la to r y  netw ork. I f  t h i s  i s  th e  case then  th e  
r e s u l t s  seem more lo g ic a l .
The r e s u l t s  o b ta in ed  in  t h i s  in v e s t ig a t io n  were th e  product o f 
c u tt in g  b o th  th e  h o m o la te ra l o liv o -c o c h le a r  bundle and th e  descending 
c e n tr i fu g a l  f ib e r s  in  th e  l a t e r a l  lem niscus which com plicates comparison 
w ith  th e  s tu d ie s  u s in g  e l e c t r i c a l  s t im u la tio n . The s u b -c o r t ic a l  c o n tro l 
c en te rs  such as th e  o liv o -c o c h le a r  bundle a re  probably su b se rv ien t to  
h ig h er c o r t i c a l  c o n tro l c e n te rs  which a re  phylogenetic  a l ly  th e  younger 
system s. The a c t i v i t y  o f  th e  descending c e n tr ifu g a l  f ib e r s  may in flu en ce  
th e  au d ito ry  in p u t by way o f  t h e i r  a c tio n  on th e  s u b -c o r t ic a l  c o n tro l 
c e n te rs . A pparen tly , th e  n e t r e s u l t s  o f th e  a c t iv i ty  o f  th e  h ig h er c e n t r i ­
fu g a l and s u b c o r t ic a l  c o n tro l  c e n te rs  i s  an in te rp la y  o f  e x c i ta t io n  and
in h ib i t io n  r e s u l t in g  in  n e u ra l coding fo r  p e rcep tio n  o f  s u b tle  a co u stic  
d if fe re n c e s .
The m agnitudes and tem poral o rd e r o f  events o ccu rrin g  a t  th e  two 
ears  must be r e f le c te d  in  some u sab le  n eu ra l code. S e n s i t iv i ty  o f  an 
au d ito ry  neuron to  th e  in te r a u r a l  phase d iffe re n c e  o f low frequency to n e s , 
fo r  example, i s  th e  r e s u l t  o f  convergence o f p e rio d ic  e x c ita to ry  and in ­
h ib ito ry  even ts evoked by s tim u la tio n  o f  each ea r ( l0 3 ) .  The im portance
o f  th e  o l iv a ry  complex in  t h i s  coding i s  dem onstrated by th e  phase
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s e n s i t i v i t y  o f  neurons in  th e  s u p e r io r  o liv a ry  complex which i s  h ig h ly  
c o r re la te d  w ith  th e  r e l a t iv e  tim ing  o f  th e  p e r io d ic  e x c ita to ry  and in ­
h ib i to r y  even ts evoked by s tim u la tio n  o f  each ea r (67 ) .
I t  i s  recogn ized  th a t  th e  l im i t s  o f  t h i s  p a r t ic u la r  in v e s t ig a tio n  
r e s t r i c t  th e  l a t i t u d e  o f  sp ec u la tio n  p o s s ib le ,  however, w ith  th e  d ire c t io n  
o f  fu tu re  in v e s t ig a t io n  in  mind, th e  p o ss ib le  dual fu n c tio n  ( in h ib i to ry  
a n d - f a c i l i to r y ) o f  th e  au d ito ry  e f f e r e n t  system  i s  suggested .
S hort Term Trauma E ffe c t Versus
True Pathway In te r ru p tio n  E f fe c t 
That s tim u la tio n  and d e s tru c tio n  o f  th e  same n eu ra l f ib e rs  would 
produce s im ila r  r e s u l t s ,  as p rev io u s ly  m entioned, i s  d isco n c e rtin g . Per­
haps th e  e f f e c t  observed in  th e  s tu d ie s  u s in g  e l e c t r i c a l  s tim u la tio n  was 
th e  r e s u l t  o f  a p o te n t ia t io n  o f  th e  nerve f ib e r s  c re a tin g  a co n d itio n  sim i­
l a r  to  th a t  observed when th e  nerve i s  in  a b so lu te  r e f ra c to ry  p e rio d . I t  
has been f u r th e r  suggested  th a t  th e  e f f e c t  o f  e l e c t r i c a l  s tim u la tio n  in  th e  
f lo o r  o f  th e  fo u r th  v e n t r ic le  does n o t re p re se n t normal p h y sio log ic  a c t i ­
v i ty  s in c e  e l e c t r i c a l  s tim u la tio n  bypasses a l l  th e  synapses o f  th e  compound 
o liv o -c o c h le a r  system .
I t  i s  g e n e ra lly  th e  in te g ra t iv e  a c tio n  o f  th e  synapse which 
l im i t s  e x c i ta t io n  in  a  n eu ra l pathway, whereas th e  nerve 
u su a lly  can be d riv en  to  fa r  h ig h e r s p ik e - ra t io s  o f  ex c i­
t a t i o n  i f  i t s  sy n ap tic  ju n c tio n  i s  bypassed (96 ) .
I f ,  th e n , th e  r e s u l t s  o f  th e  p revious in v e s t ig a tio n s  a re  due to  'o v er­
d r iv in g ' th e  nerve ra th e r  th an  to  th e  normal p h y sio log ic  resp o n se , perhaps 
th e  s im i la r i ty  between th o se  r e s u l t s  and th e  r e s u l t s  ob ta ined  in  th e  p re sen t 
study  i s  a  p roduct o f  th e  e l e c t r i c a l  shock having  a  s im ila r  e f f e c t  as th e  
s u rg ic a l  s e c tio n in g .
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The c u rre n t in fo rm ation  w ith  regard  to  th e  s p e c if ic  fu n c tio n  o f 
th e  au d ito ry  e f f e re n t  system  i s  l im ite d  and th e  r e s u l t s  o f  previous in ­
v e s tig a tio n s  seem to  he ambiguous. T h is , however, i s  o fte n  th e  case in  
a ttem pts to  ex p la in  n e u ra l phenomena by in v e s t ig a to r s  u sing  d i f f e r e n t  
approaches. The fo llow ing  s e c tio n  w i l l  a ttem pt to  p re sen t one p o s s ib le  
ex p lan a tio n  o f  th e  r e s u l t s  ob ta ined  in  th i s  and prev ious in v e s t ig a tio n s  
which w i l l  g en e ra te  a  working hypothesis  fo r  fu r th e r  in v e s t ig a t io n , i f  
no th ing  e ls e .
S p ecu la tio n  Based on C urrent F indings 
And an Overview o f th e  L i te r a tu re
S ev era l s tu d ie s  p e r ta in in g  to  th e  a c t i v i ty  o f  th e  au d ito ry  cen­
t r i f u g a l  system  in d ic a te  p o ss ib le  exp lanations o f  th e  manner in  which i t  
fu n c tio n s .
In v e s tig a t io n s  o f  th e  v e n tra l  co ch lear nucleus in d ic a te  th e  pos­
s i b i l i t y  t h a t  t h i s  may be one fo c a l p o in t fo r  b o th  hom olateral and c o n tra ­
l a t e r a l  c e n tr i fu g a l  a c t i v i t y .  O bservations o f  decreases and even complete 
e lim in a tio n  o f  th e  a c tio n  p o te n t ia l  in  th e  v e n tr a l  coch lear nucleus as a 
r e s u l t  o f c o n t r a la t e r a l  a co u s tic  s tim u la tio n  have been a t t r ib u te d  to  th e  
au d ito ry  e f f e r e n t  system  (9 2 ). The ob serv atio n s  a re  e sp e c ia lly  s ig n if ic a n t  
in  a ttem p ting  to  ex p la in  lo c a l iz a t io n  phenomenon. A commissurectomy in  th e  
tra p e zo id  body o f  c a ts  reduces t h e i r  lo c a l iz a t io n  c a p a b i l i t ie s  by a  f a c to r  
o f two. The s u rg ic a l  e f f e c t  i s  to  p reven t e f fe re n t  f ib e rs  from c ro ss in g  
to  th e  v e n tra l  co ch lea r nucleus and thus th e  in h ib i to ry  a c t iv i ty  o f 
th i s  system  i s  re ta rd e d .
The e f f e c t  o f  th e  c e n tr ifu g a l f ib e rs  on second-order a f fe re n t  
neurons has a lso  been suggested . Dunker and h is  co-workers (33) have
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observed in h ib i t io n  o f  th e  seco n d -o rd er a f fe re n t  neurons as a  r e s u l t  o f  . 
c o n t r a la te r a l  a co u s tic  s t im u la tio n . As in  a l l  p revious s tu d ie s  th e  la te n cy  
and magnitude o f th e  e f f e c t  was in flu e n c e d  by th e  frequency and in te n s i ty  
o f  th e  a c o u s tic  s t im u la tio n .
The study  o f  th e  a c t i v i t y  o f th e  o liv o -co ch lea r system  i s  fu r th e r  
com plicated by th e  presence  o f  c o r t ic o fu g a l  f ib e r s  which connect th e  teap o ro - 
in s u la r  co rtex  w ith  th e  i n f e r io r  c o l l ic u lu s  (35). From th i s  lo c a t io n ,  
fu r th e r  c e n tr ifu g a l  f ib e r s  descend to  th e  coch lear n u c le i (104). F ib e rs  
have been shown to  connect th e  v e n tr a l  coch lear nucleus o f th e  co n tra ­
l a t e r a l  s id e  (33 ). The v e n tr a l  co ch lea r nucleus a lso  re c e iv e s  i p s i l a t e r a l  
f ib e r s  from c e l l s  w ith in  th e  s u p e r io r  o liv a ry  nucleus (107). The ex is ten ce  
o f  th e se  s e v e ra l c e n tr ifu g a l  system s com plicates o v e ra ll  s p e c u la tio n  in  
any s p e c if ic  in s ta n c e ; however, th e  o b serv a tio n  o f  th e  b eh av io r o f  th e  
system  as a  u n i t  suggests  c e r ta in  p o s s ib le  ro le s  fo r  th e  a u d ito ry  c e n t r i ­
fu g a l f ib e r s .
In c reases  in  th e  d i f f e r e n t i a l  th re sh o ld  upon c o n t r a la t e r a l  stim u­
la t io n  w ith  a  s ig n a l o f th e  same frequency have been observed by Chocholle 
( l 6 ) .  A decrease  in  th e  d i f f e r e n t i a l  th re sh o ld , however, has been observed 
when th e  c o n tr a la te r a l  s tim u lu s  was o f  a  d if f e r e n t  frequency. The depen­
dence o f th e  s p e c if ic  e f f e re n t  e f f e c t  on th e  stim ulus param eters in  physio­
lo g ic  s tu d ie s  may ex p la in  th i s  d i f f e r e n t i a l  e f f e c t .  Galambos and h is  
co llègues (62 ) ,  suggest t h a t  i t  i s  th e  in h ib i to ry  a c t iv i ty  o f  th e  r e t i c u l a r  
c e n tr ifu g a l  f ib e r s .  The re d u c tio n  o f th e  rec ru itm en t s e n sa tio n  in  one ear 
by exposing th e  c o n t r a la te r a l  e a r  to  th e  same sound i s  ex p la ined  as a  
product o f  "recru itm ent-com pensating" c rossed  n eu ra l in h ib i to ry  e f fe re n ts  
w h ile  degenera tion  o f  e f f e r e n t  in h ib i to r y  t r a c t s  may r e s u l t  in  c e n tr a l
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re c ru itm e n t (3 3 ) . The re c ru itm e n t phenomenon i t s e l f  has been a t t r ib u te d  
to  th e  e lim in a tio n  o f  an in h ib i to r y  e f f e c t  th a t  c e r ta in  s e c tio n s  o f  h a i r  
c e l l s  e x e r t upon t h e i r  su rround ing  c e l l s  which may be e f fe c te d  through th e  
e f f e r e n t  f ib e r s  th e re .  This phenomenon in  th e  sense  o f  v is io n  i s  w e ll 
documented in  s tu d ie s  o f  Mach band a c t iv i ty  o f  c o l l a t e r a l  a f f e re n t  f ib e r s .  
F e rs tim u la to ry  a d ap ta tio n  which employs a  m onaural s t im u la tio n  techn ique  
can be  in h ib i te d  using  d ic h o tic  s tim u la tio n  which sug g ests  th e  e f f e c t  o f  
an in te rc o c h le o -b u lb o -c o c h le a r  e f f e r e n t  a c t i v i ty .
The in te r fe re n c e  o f  o th e r  sensory  systems on th e  a u d ito ry  system  
has a ls o  been a t t r ib u te d  to  th e  a c t i v i t y  o f  th e  a u d ito ry  c e n tr ifu g a l  
f ib e r s  (126). Hahn and Demechelis have a sse ssed  a u d ito ry  a d ap ta tio n  u s in g  
th e  to n e  decay t e s t .  In  one o f  th e  experim en tal co n d itio n s  a  l i g h t  s ig n a l  
was a ls o  a p p lie d . In  a l l  o f  th e  s u b je c ts ,  th e  in tro d u c tio n  o f  th e  l i g h t  
s tim u lu s  sh o rten ed  th e  tim e o f  p e rc e p tio n  o f  th e  s ig n a l  a t  th re sh o ld . The 
au th o rs  suggested  th e  e f f e r e n t  co ch lea r f ib e r s  as th e  p h y sio lo g ic  bases fo r  
t h e i r  r e s u l t s .
The r o le  o f  th e  r e t i c u l a r  form ation  o f  th e  b ra in  stem has a lso  been 
s tu d ie d  w ith  re s p e c t to  i t s  e f f e c t  on th e  c o n tro l o f  au d ito ry  in p u t .  Con­
n e c tio n s  from th e  au d ito ry  a f f e r e n t  f ib e r s  to  th e  r e t i c u l a r  form ation  have 
been dem onstrated b o th  from th e  mesencephalon and th e  m etencephalon (lOU). 
A c o u s tic a lly  evoked p o te n t ia ls  have been recorded  from th e  r e t i c u l a r  sub­
s tan c e  (107). In  tu rn  c o l l a t e r a l  f ib e r s  from th e  r e t i c u l a r  form ation  have 
been d e sc rib e d  cou rsing  to  a l l  s e n s o r i-n u c le i  o f  th e  b ra in  stem . In  
g e n e ra l , th e  r e t i c u l a r  fo rm ation  have been d esc rib ed  co u rsing  to  a l l  s e n s o r i-  
n u c le i o f  th e  b ra in  stem . In  g e n e ra l , th e  r e t i c u l a r  form ation  serv es  as a 
c o r t i c a l  a ro u sa l system  and changes in  th e  a u d ito ry  evoked p o te n t ia ls
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have been observed as a  r e s u l t  o f  changes in  th e  r e t i c u l a r  system  a c t iv i ty  
(U T ) . Thus, th e  g en era l a c t i v i ty  o f  o th e r  au d ito ry  c e n tr i fu g a l  f ib e rs  
may w e ll be  m odified  by th e  e x c ita to ry  s t a t e  o f  th e  c o rte x  o r lower b ra in  
stem  neurons, o r  on th e  o th e r  hand, im pulses reach in g  th e  a u d ito ry  a reas  
may modify th e  e x c ita to ry  s t a t e  o f  th e  r e t i c u l a r  substance  ( l l 6 ) .
I f ,  th e n , one can accep t th e  apparen t d u a li ty  o f  fu n c tio n  in  th e  
au d ito ry  c e n tr ifu g a l  system , a p la u sa b le  h y p o thesis  w ith  reg a rd  to  i t s  
o v e ra l l  a c t i v i ty  evo lves. N eural system  a c t i v i ty  in  g e n e ra l i s  recognized  
as be ing  th e  product o f  a  com bination o f bo th  in h ib i to r y  and e x c ita to ry  
p ro cesses  as observed in  th e  g en e ra tio n  o f  e x ic ta to ry  and in h ib ito ry  p o st 
sy n ap tic  p o te n t ia l s .  Evidence p re v io u s ly  m entioned, su g g ests  th i s  same 
phenomenon e x is ts  w ith in  th e  a u d ito ry  c e n tr i fu g a l  system . E ven tually  a l l  
changes in  th e  au d ito ry  c e n tr i fu g a l  system  could  in flu e n c e  a c t iv i ty  a t  
th e  v e n tra l  co ch lear n uc leus. Even c e n tr i fu g a l  f ib e r s  from th e  tem poral 
in s u la r  c o rte x  which proceed to  th e  in f e r io r  c o l l ic u lu s  a re  in d ir e c t ly  
connected through l a t e r a l  lem n isca l f ib e r s  to  th e  v e n tr a l  co ch lea r n uc leus. 
Complex in te r a c t io n  through c o l l a t e r a l  f ib e r s  have been dem onstrated be­
tween th e  v e n tra l  coch lear nucleus and th e  su p e r io r  o liv a ry  complex. I t  
i s  su g g ested , th e re fo re , th a t  t h i s  i s  th e  most l ik e ly  p o in t fo r  a f f e r e n t-  
e f fe re n t  in te r a c t io n  and w hether th e  prim ary c o n tro l  i s  from th e  su p e rio r  
o l iv e  to  th e  v e n tra l  co ch lea r nucleus o r th e  re v e rse  i s  s t i l l  open to  
sp e c u la tio n . I f ,  th e n , th e  e f f e c t  o f  a l l  c e n tr i fu g a l  f ib e r s  i s  a com­
b in a tio n  o f in h ib i t io n  and e x c i ta t io n  depending on th e  s p e c if ic  au d ito ry  
in p u t ,  a mechanism fo r  c e n tr a l  coding o f  a u d ito ry  in fo rm atio n  i s  a v a ila b le . 
In  th e  s p e c if ic  in s ta n ce  o f t h i s  in v e s t ig a t io n  an unusual aco u s tic  stim u­
la t i o n  (s tim u la tio n  a t  a  le v e l  low enough so as n o t to  produce any v is a b le
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CM in  th e  c o n t r a la te r a l  ea r) was used  to  t r i g g e r  au d ito ry  a f fe re n t  a c t i ­
v i ty .  In  cases o f  n a tu ra l  a c o u s tic  s t im u la tio n  ( b i l a t e r a l  s tim u la tio n  in  
th e  environm ent) th e  p e rcep tio n  o f v a r ia t io n  in  s ig n a l lo c a t io n  i s  most 
l i k e ly  e ffe c te d  through c o n t r a la te r a l  in h ib i t io n  and i p s i l a t e r a l  f a c i l i ­
t a t io n  o f  a f f e re n t  in p u t. I f  one e lm in ia te s  th e  i p s i l a t e r a l  f a c i l i t a t i o n  
o f  th e  a f f e r e n t  in p u t , a red u c tio n  in  th e  i p s i l a t e r a l  a c tio n  p o te n t ia l  
would be expected which i s  th e  very  o b se rv a tio n  made in  th i s  p a r t ic u la r  
s tu d y . This hypo thesis  suggests only  one o f th e  probably  many fun c tio n s  
o f  th e  au d ito ry  c e n tr i fu g a l  system , t h a t  o f  lo c a l iz a t io n  f a c i l i t a t i o n ;  
however, th e  d a ta  ob ta ined  in  th i s  s tu d y  may be r e f le c t in g  th e  a c t iv i ty  
o f  t h i s  system  as i t  fu n c tio n s  in  an in tra s e n s o ry  g a tin g  c ap ac ity .
The t o t a l  e f f e c t  o f  th e  com bination o f  au d ito ry  c e n tr ifu g a l 
system s i s  a  complex system fo r  c o n tro l  o f  au d ito ry  in p u t as w e ll as 
c ro ss  m odality  coding. A s e l f  re g u la t in g  network which has th e  cap ac ity  
fo r  c o n tro l a t  v a rio u s  le v e ls  w ith in  th e  b ra in s tem  i s  thus observed. The 
m orphologic and p h y sio log ic  evidence p rev io u s ly  p resen ted  in d ic a te d  
th e  e x is ten c e  o f  a  system which from any l e v e l  can modify th e  a c t iv i ty  
o f  any o th e r  l e v e l  in  th e  tra n sm iss io n  o f  th e  au d ito ry  a c tio n  p o te n t ia l  
to  th e  c e re b ra l c o rte x . This network allow s fo r  feedback which can a l t e r  
th e  a u d ito ry  in p u t from something as sim ple as changing th e  p o s it io n  o f 
th e  head to  complex biochem ical changes a f f e c t in g  th e  coding o f  n eu ra l 
in fo rm a tio n .a t th e  h a i r  c e l l s  o r a t te n u a t io n  o f th e  in p u t s tim ulus v ia  
th e  m iddle ea r muscle r e f le x .
In  o rd e r to  fu r th e r  sp e c ify  th e  ex ac t na tu re  o f th e  c e n tr ifu g a l  
a c t i v i ty  in  s e v e ra l  d if f e r e n t  s i tu a t io n s ,  sim ultaneous measurement o f 
changes in  th e  m ajor b ra in  stem and c o r t i c a l .c e n te r s  as a fu n c tio n  o f
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very  s p e c i f ic  s tim u la tio n  an d /o r se c tio n in g  o f  in d iv id u a l u n i ts  o f  th e  
c e n tr i fu g a l  f ib e r s  would be o f  much b e n e f i t  in  f u r th e r  d e sc r ib in g  t h e i r  
fu n c tio n . The a c t i v i ty  o f  th e  c e n tr ifu g a l  system  d u ring  s tim u la tio n  o f 
o th e r  sensory  system s would a lso  c o n tr ib u te  to  u n d erstand ing  th e  g en e ra l 
a re a  o f  c ro ss  m odality  in h ib i t io n  as w e ll as th e  s p e c if ic  a c t iv i ty  o f  th e  
au d ito ry  sy s te m 's  e f fe re n t  a c t i v i t y .  The fo llow ing  ch ap te r summarizes th e  
p re sen t in v e s t ig a t io n .
CHAPTER V
SUMMARY AND SUGGESTIONS FOR FURTHER RESEARCH 
In tro d u c tio n
The mechanisms by which th e  a u d ito ry  system  decodes th e  a co u s tic  
stim u lus s t r i k in g  th e  tympanic membrane in to  u seab le  n eu ra l symbols a re  
h ig h ly  complex. One o f th e  most d i f f i c u l t  to  understand  i s  th e  fu n c tio n  
o f  th e  a u d ito ry  c e n tr ifu g a l  system . In v e s t ig a to rs  have s tu d ie d  th e  a c t i ­
v i ty  o f  t h i s  system  p rim arily  by examining th e  e f f e c t  on co ch lea r po ten­
t i a l s  o f  e i th e r  s e c tio n in g  o r s t im u la tin g  th e  f ib e r s .  The r e s u l t s  o f  
th e se  in v e s t ig a t io n s  have not as y e t  le d  to  th e  development o f  a u n ify in g  
hy p o thesis  w ith  re g a rd  to  th e  ex ac t manner in  which th e  c e n tr ifu g a l  f ib e r s  
fu n c tio n  in  th e  c o n tro l  o f  a f fe re n t  n e u ra l in p u t.
Experim ental Design 
The purpose o f th e  p re se n t in v e s t ig a t io n  was to  examine th e  func­
t io n  o f  th e  e f f e r e n t  c e n tr ifu g a l  f ib e r s  in  th e  b ra in  stem o f th e  guinea 
p ig . The m ajor concern o f  th i s  study  was th e  a c t i v i ty  o f  th e  ho m o la te ra l 
o liv o -c o c h le a r  bundle  and th e  c e n tr i fu g a l  f ib e r s  o f  th e  l a t e r a l  lem niscus 
on two s p e c i f ic  in d ic a n ts  o f  co ch lea r a c t i v i t y :  th e  coch lear m icrophonie
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and a c tio n  p o te n t ia l .  This g o a l was accom plished by s e c tio n in g  th e  OCB 
a t  a  p o in t su p e r io r  to  th e  f a c i a l  genu in  th e  fo u r th  v e n t r ic le  and sec­
t io n in g  th e  l a t e r a l  lem niscus a t  a  p o in t between th e  i n f e r io r  c o ll ic u lu s  
and coch lear n u c le i .  Recordings o f  th e  co ch lea r m icrophonie and a c tio n  
p o te n t ia l  o f th e  V III nerve  were made from th e  b a s a l  tu rn  o f  th e  coch lea 
using  e lec tro d es  p laced  in  s c a la  tympani and s c a la  v e s t i b u l i .
R esu lts  and Conclusions
The r e s u l t s  o f  t h i s  in v e s t ig a t io n  in d ic a te  th a t  s e c tio n in g  o f  th e  
hom olatera l e f fe re n t  feedback to  th e  coch lea  causes an immediate red u c tio n  
in  th e  a c tio n  p o te n t ia l  and an in c re a se  in  th e  co ch lea r m icrophonie o f 
th a t  coch lea . I t  i s  su gg ested  th a t  th e  au d ito ry  e f fe re n t  system  fu n c tio n s  
bo th  to  in h ib i t  and f a c i l i t a t e  au d ito ry  a f f e r e n t  in p u t to  th e  c e n tr a l  n e r­
vous system . I t  i s  h y p o th esized  th a t  th e  c o n tro l  o f  th e  a u d ito ry  c e n t r i ­
fu g a l system i s  e f fe c te d  by th e  a c t iv i ty  o f  th e  su p e r io r  o liv a ry  complex 
in  con junction  w ith  and v ia  c o l l a t e r a l  connections to  th e  v e n tr a l  coch lear 
nuc leus. While th e  s p e c i f ic  a c t i v i ty  o f  th e  s e v e ra l  c e n tr ifu g a l  d iv is io n s  
w ith in  th e  au d ito ry  system  may be  fu r th e r  c l a r i f i e d  as more in fo rm ation  
i s  o b ta in ed , th e  above m entioned hypo thesis  se rv es  as one p o ss ib le  exp la­
n a tio n  o f th e  r e s u l t s  observed in  th i s  and p rev ious in v e s t ig a tio n s  o f  th a t  
system .
Suggestions fo r  Future Research 
Much o f  th e  con fusion  w ith  reg a rd  to  th e  fu n c tio n  o f  th e  au d ito ry  
c e n tr ifu g a l system  may l i e  in  th e  use o f  u n n a tu ra l stim ulus co n d itio n s  
during  th e  experim ent to  e l i c i t  responses from th e  au d ito ry  f ib e rs  and th e  
coch lea . Two im portan t c o n s id e ra tio n s  in  s tu d y in g  th i s  system  a re
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suggested . F i r s t ,  th e  a co u s tic  s tim u la tio n  o f  th e  cochlea should  be 
a t te n ç te d  u s in g  b in a u ra l s tim u la tio n  and v ary in g  th e  le v e ls  to  th e  two 
ears  w hile  observ ing  c e n tr a l  nervous system  changes. Second, sim ultaneous 
measurements o f  c e n tr i fu g a l  a c t i v i ty  in  s e v e ra l  lo c a tio n s  seems necessary  
to  fu rn ish  in fo rm atio n  w ith  reg a rd  to  th e  t o t a l  e f f e c t  o f  th i s  system  on 
th e  a f f e r e n t  in p u t .  E le c t r ic a l  s tim u la tio n  in  lo c a tio n s  p rov id ing  a  synapr- 
t i c  ju n c tio n  betw een th e  lo c a tio n  o f  th e  e l e c t r i c a l  s tim u la tio n  and th e  
measurement o f  n e u ra l o r co ch lea r a c t i v i ty  would reduce th e  p o s s ib i l i ty  o f 
th e  e l e c t r i c a l  s tim u lu s  i t s e l f  in f lu e n c in g  th e  r e s u l t s  o b ta in ed . The com­
p lex  in te r a c t io n  o f  a l l  o f th e  c e n tr ifu g a l  f ib e r s  p ro h ib i ts  v a l id  specu­
la t io n  w ith  re g a rd  to  th e  system  as a  whole in  experim ents examining only 
in d iv id u a l u n i ts  th e re o f .
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